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ABSTRACT 
A b r i e f i n t r o d u c t i o n to the theory of s u s c e p t i b i l i t y 
i n antiferromagnets i s given and the experimental studies 
on antiferromagnetic domains are reviewed. 
X-ray topographic techniques are discussed. Low 
temperature domain studies i n moderate f i e l d s have not 
been performed p r e v i o u s l y by X-ray topography due to the 
geometrical c o n s t r a i n t s . A new topographic technique 
using synchrotron r a d i a t i o n has been developed f o r domain 
w a l l motion studies i n magnetic f i e l d s up t o 14 KOe at 
temperatures down t o 4.2K. D e t a i l s of four successful 
c r y o s t a t designs are presented. 
The p e r f e c t i o n of c r y s t a l s KNiF^, KCoF^ and KFeF^ 
grown from the f l u x has been studied by X-ray topography. 
Very low d i s l o c a t i o n d e n s i t i e s and dynamical d i f f r a c t i o n 
e f f e c t s were observed. Dislocations d i r e c t i o n s i n the 
f l u x grown c r y s t a l s of KNiF^ and KCoF^ pr e f e r to run i n 
such d i r e c t i o n s as to minimise t h e i r e l a s t i c energy per 
i m i t growth length i n a s i m i l a r manner t o d i s l o c a t i o n s i n 
c r y s t a l s grown from aqueous s o l u t i o n . 
The topographic experiments on h i g h l y perfect crys-
t a l s of KNlP^ and KCoF-^  have revealed three types of dom-
ains w i t h spin o r i e n t a t i o n s p a r a l l e l to each of the cube 
edges. C o n t r o l l e d domain w a l l motion i n KNiF^ and KCoF^ 
has been'studied using synchrotron r a d i a t i o n . Wall move-
ment occurs t o a l i g n spins perpendicular to the applied 
f i e l d and wa l l s between domains already so oriented are 
found not t o move. The general behaviour of a n t i f e r r o -
magnetlc domains i n KNIF^ and KCoF^ i s i n excellent agree-
ment w i t h the t h e o r e t i c a l model proposed by Neel (1954). 
No catastrophic spin f l o p i s observed, and some w a l l move-
ments are r e v e r s i b l e . Both d i r e c t observations of domain 
w a l l motion and the s u s c e p t i b i l i t y measurements on single 
c r y s t a l s of KNIF^ show t h a t the spin f l o p occurs v i a dom-
a i n w a l l motion. The e f f e c t i v e anisotropy i s measured 
from the c r i t i c a l and threshold f i e l d data f o r both KCoF^ 
and KNIF^. 
CHAPTER ONE 
ANTIFERROMAGNETISM 
1.1 I n t r o d u c t i o n . . 
The concept'^of antiferromagnetism was f i r s t put forward 
by Neel (1932) i n connection w i t h h i s study of paramagnetic . 
s u s c e p t i b i l i t y of metals and a l l o y s of t r a n s i t i o n elements. 
He found t h a t metals such as Pt, Pd, Mn, Cr or alloys.such as 
Pd-rlch Pd-Nl show an almost temperature independent suscept-
i b i l i t y which I s too large to be explicable i n terms of Pauli''s-
f r e e e l e c t r o n paramagnetism. Neel suggested that the atoms 
of these s u b l a t t i c e s possess magnetic moments and a negative 
exchange coupling i s operating among them. . As a consequence, 
he o r i g i n a l l y envisaged an antiferromagnetic substance com-
posed of two s u b l a t t i c e s of paramagnetic ions, A and B which 
at low temperatures are magnetized I n opposite d i r e c t i o n s by 
negative exchange i n t e r a c t i o n s . 
1.2 Exchange i n t e r a c t i o n 
Dirac (.1929) showed t h a t the exchange i n t e r a c t i o n s of the 
Heisenberg type are equivalent to an interatomic p o t e n t i a l 
V. J = • | j ( l + 4 §..§_.) 1-1 
where.S. and S. are, r e s p e c t i v e l y , . t h e spin angular momentum 
vector of atoms i and j i n u n i t s of1^ and J i s the exchange 
inte g r a l . . . I n the ferromagnetism J i s p o s i t i v e and denotes 
the c o e f f i c i e n t of d i r e c t exchange coupling between neighbour-
i n g atoms whose e l e c t r o n clouds overlap w i t h each other to some 
extent, i f the Heisenberg theory of ferroma^netism i s assumed 
to be ap p l i c a b l e . I n the antlferromagnetic case Kramers (193^) 
f i r s t pointed out t h a t i t i s possible to have an exchange spin-
coupling through the agency of intermediate non-magnetic atoms. 
Anderson (1950) developed the theory of superexchange f o r a 
c r y s t a l of Mi^ '^ O and showed tha t superexchange i s the strong-
est between those atoms which are on opposite sides of the 
negative i o n , since then one of the 2p- o r b i t a l s (2p i n the 
case of 0~~) c o n t r i b u t e s to i t . His conclusion i s i n t e r e s t -
ing i n view of the.quoted experimental r e s u l t s of Shull et a l 
(1951) on MnO, i n which he f i n d s a strong coupling of next 
nearest neighbouring Mn ions r a t h e r than of nearest neighbours. 
This i n d i c a t e s t h a t the superexchange d i r e c t l y through 0~~ ion 
may be more powerful than t h a t between lo c a t i o n s making angles 
of 90° w i t h 0~" ions. 
I t i s assumed t h a t J i s the same f o r a l l the Z i n t e r -
a c t i n g neighbours, and one can replace the sum over them, 
5!j Sj by 7-.(s_^s where (§.^ means the s t a t i s t i c a l average of 
S. over the s u b l a t t i c e to which j belongs. Then the potent-
J . 
i a l energy of the atom i , apart from an a d d i t i v e constant w i l l 
be given as f o l l o w s : 
• ^ 1 = ,^13 = 2 JZ <Sj> Si 1-2 
Assuming t h a t the Lande g-factor i s i s o t r o p i c , t h a t i s , 
does not depend on the d i r e c t i o n of spins w i t h respect to the 
c r y s t a l o r i e n t a t i o n . The magnetic moment | I of an i n d i v i d -
u a l atom i s then j l = -gM-gS, where M-g i s the Bohr magneton, 
where 
H,j . 2JZg-2ti-2 ^ U ^ (J<0) .1-4 
Here H . i s the exchange "magnetic f i e l d " a c t i n g on atom i 
w i t h spins up which r e s u l t s from the s u b l a t t i c e j , w i t h spins 
down, and also from other spins of the p o s i t i v e l a t t i c e , there-
f o r e , one may put, 
K = - " 4 - > Y < ( i i - ) 1-5 
3 ; . 
and s i m i l a r l y , 
where a and y are constant. I f N i s the number of magnetic 
atoms per u n i t volume, and p o s i t i v e and negative l a t t i c e s are 
c a l l e d A and B, r e s p e c t i v e l y , the magnetizations of the two 
s u b l a t t i c e s are M^  = •|N<|J.'^)> and M^  = ^ }i(\X~}, so that equations 
1-5 and 1-6 can be w r i t t e n as 
^^ eA = - N A B ! ^ -^AA^^A • • - ' • 1-7 
9eB = -NBA^^A - Wis 
2a ^ 
Here .N^^ ,= and N^^ = 1 ^ , N^g I s a molecular f i e l d constant 
f o r the nearest neighbour I n t e r a c t i o n and since the same type 
of atoms' occupy the A and B l a t t i c e s i t e s N.. = N^^^^ = N. . and 
AA xjij 11 
" A B ' ^ B A -
1.3 Theory of S u s c e p t i b i l i t y 
The theory of s u s c e p t i b i l i t y of antiferromagnetic materials 
based on the Weiss molecular f i e l d approximation was foimded by 
Neel (1932,1936), B i t t e r (1937) and Van Vleck (1941). A b r i e f 
i n t r o d u c t i o n of t h i s theory w i l l be presented here. 
On a molecular f i e l d approximation, each s u b l a t t i c e may be 
considered t o be I n t e r a c t i n g w i t h two molecular magnetic f i e l d s , 
H and H , where the exchange magnetic f i e l d H i s usually much 
greater than the magnetic anisotropy f i e l d H„. Therefore i f 
we neglect the anisotropy f i e l d , the molecular magnetic f i e l d 
H w i l l equal to H f o r each s u b l a t t i c e , and equations 1-7 and 
1-8 can be w r i t t e n as 
Snffl = -NBA ^A - " B B « B 1-1° 
I n . t h e case where there i s no externa l f i e l d , M^  and Mg 
are a n t i p a r a l l e l to each other, so long.as N^g i s p o s i t i v e ; 
and N.. i s not too large. The common d i r e c t i o n of.M. and 11 .... • — rt 
Mg can be denoted by A.. I f an e x t e r n a l f i e l d H i s applied, 
M. and M„ w i l l be t i l t e d to each other and the d i r e c t i o n of A-
-A . -D — 
can be defined as -A ^ . This d i r e c t i o n coincides w i t h 
t h a t of M^  - Mg so long as the angle between and -Mg i s 
small or the lengths of these two vectors are about the same. 
I n general, the applied f i e l d may make an a r b i t r a r y angle 
w i t h the easy a x i s . F i r s t , however, we can c a l c u l a t e the sus-
c e p t i b i l i t y of a s i n g l e c r y s t a l when the magnetic f i e l d i s 
applied p a r a l l e l to the easy a x i s . Suppose the applied f i e l d 
H i s p a r a l l e l to H^ and a n t i p a r a l l e l to Hg. I n t h i s case, the 
magnitudes of the f i e l d s a c t i n g on the plus and minus spins are 
- -mA - SmB ' ^ ^ s p e c t i v e l y . The magnitudes of M^  
and Mg are given by the standard theory of the molecular f i e l d 
approximation, and.are 
- i N g U ^ ; (Xg) 1-12 
{ = IH + H„„| S^g/kT 1-13 
w i t h 
= |H + H ^ A I S S H B / I ^ T 
B^ = |5 ^ 5mBl 
Here k i s Boltzmannconstant, and 
B j x ) = ^ coth coth 1^ 1-14 
i s the B r i l l o u i n f u n c t i o n , which reduces to tanh x f o r S = |-
and t o the Langevin f u n c t i o n Coth x - ^ f o r S =oo . ' When there 
i s no e x t e r n a l f i e l d , i f we s u b s t i t u t e H^^ and H^^ from 1-9 and 
1-10 i n t o 1-11 and 1-12, the same magnitude of the s a t u r a t i o n 
magnetization M^  f o r the two s u b l a t t i c e s w i l l be obtained. 
- |Ng|iB BjCx^) with = (N^ g-N.. )M^ Sg^ iB AT. 1-15 
i s a decreasing f u n c t i o n of temperature as i n the case of 
ferromagnetism and vanishes at the c r i t i c a l p o i n t , or the Neel 
p o i n t . The c r i t i c a l temperature can be found by approaching 
from the high temperature side T^Tj^. I n t h i s case i t i s 
assumed x^ t o be small and SBg(x^) i s replaced by ^ ( S + l ) x ^ 
and have from I - I 5 
from which, at once i t f o l l o w s , 
^N ^^ AB - ^ i i ) 1-1^ 
where C = Ng^- - S(S+l)/3k. I - I 8 
Hence the Neel temperature i s higher the stronger AB i n t e r -
a c t i o n arid the weaker the AA or BB I n t e r a c t i o n s . 
At the temperatures above 1^, i t I s assumed t h a t x^ and 
x„ are small. Therefore equation 1-11 w i l l be of the form 
i j • 
= ^ { H - N^B Mg - N., M^), etc, 1-19 ,^ 
since M^ ; and are both p a r a l l e l to H i n the paramagnetic 
region. Solving t h i s equation, w i t h M^  = Mg, and p u t t i n g 
Mg = XH, the f o l l o w i n g equation i s obtained 
• % = S^ w i t h 9. =|C (N^g+ N.,) 1-20 
1.3.1 A p a r a l l e l to H 
The s u s c e p t i b i l i t y below the Neel p o i n t can be ca l c u l a t e d 
by expanding SB (x.) i h powers of H and r e t a i n i n g the f i r s t 
S A 
order term. I t i s e s s e n t i a l here to assume that the molecular 
f i e l d s af .H^ ^ and H ^ are r e s p e c t i v e l y p a r a l l e l and a n t i p a r a l l - • 
e l t o the applied f i e l d H i n order to obtain a consistent solution 
( F i g . 1 ( a ) ) ; otherwise, except i n the case where they are equal 
i n magnetization and make.the same angle w i t h H, equations 
1-11 and 1-12 can not be solved. Therefore f o r M^ -M^  = M^ -Mg 
we have 
where Bg(x^) i s the d e r i v a t i v e of the B r i l l o u i n . f u n c t i o n w i t h 
respect t o i t s argument. At absolute zero, equation 1-21 
p r e d i c t s X||=0. The phy s i c a l reason i s t h a t i n the approxi-
mation of the molecular f i e l d theory a l l the atomic moments 
are e i t h e r p a r a l l e l or a n t i p a r a l l e l to the applied f i e l d at 
T = 0°K. As the temperature T increases . X | | also 
increases urtal at the Neel temperature, X|[ (Tj^) becomes equal 
t o the s u s c e p t i b i l i t y X ( T ) given by equation 1-20. For 
T^Tj^, 1-21 can be reduced to equation 1-20. 
1.3.2 _A perpendicular to H 
I n t h i s case the magnetic f i e l d i s applied perpendicular 
to the easy axis. The applied magnetic f i e l d produces a torque 
which tends to r o t a t e the s u b l a t t i c e magnetizations M^  and Mg 
through a small angle 0, and i n c l i n e them symmetrically to H. 
Pig.^Ll(a) and ( b ) ^ show the magnetic moment arrangement f o r 
an antiferromagnet when the f i e l d i s p a r a l l e l and perpendic-
u l a r t o s u b l a t t i c e magnetization r e s p e c t i v e l y . The r o t a t i o n 
i s opposed by the molecular f i e l d . At e q u i l i b r i u m the t o t a l 
torque on each s u b l a t t i c e magnetization must equal zero, t h a t 
i s , f o r M^ , the t o t a l torque i s : 
By s u b s t i t u t i n g H^^^^ from equation. 1-9 i n t o 1-22- we w i l l have./ 
MAA^i-N^B^'^A Mg =0 ' 
or M^  H Cos 0 - N^g M^  Mg Sin 2 0 = 0 
t h e r e f o r e : 2 M,^  Sin 0 = g 1-23 
^ ^AB 
Easy direction Easy direction 
M. 
M B 
(a) 
H > K 
Fig. (1-1) The magnetic moment arrangement f o r an 
antlferromagnet when the f i e l d i s p a r a l l e l 
( a ) , and perpendicular (b) to s u b l a t t i c e 
magnetization. 
Fig.(1-2) The s u s c e p t i b i l i t y of an antiferromagnetic • 
ma t e r i a l as a f u n c t i o n of temperature i n r e -
duced u n i t s . N^^=0. The.solid curves are 
computed from the t h e o r e t i c a l formulae (2 0 ) , 
(21), (25), while the dashed l i n e s give the 
experimental r e s u l t s of Bizzet et al.(1933) 
on MnO. ( A f t e r Van Vleck 19^1) 
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Since = '^ B* the net magnetization M along the f i e l d 
d i r e c t i o n i s j u s t 
M = (M^ + Mg)Sin 0 = 2 Sin 0 1-24 
Therefore using 1-2^ and 1-24, the s u s c e p t i b i l i t y i s 
given by 
This shows tha t i s a constant and independent of N^ ^^ , 
th a t i s , . AA or BB i n t e r a c t i o n s . I t . should be noted t h a t 
the paramagnetic s u s c e p t i b i l i t y X= T ^  T^, also 
reduces to X = i at T = T„. The s u s c e p t i b i l i t i e s pre-
^\b 
d i e t e d by the equations 1-20, 1-21, 1-25 are shown graphic- • 
a l l y i n Fig .1.2. The general features of these s u s c e p t i b i l -
i t i e s agree w e l l w i t h experiments. However, many a n t i f e r r o -
magnetic materials are studied experimentally as powders, and. 
Van Vleck (1941) introduced the idea of random o r i e n t a t i o n of 
the i n t e r n a l f i e l d . He showed tha t one can decompose the 
ex t e r n a l f i e l d a c t i n g on each i n d i v i d u a l c r y s t a l l i t e i n t o com-
ponents p a r a l l e l and perpendicular to the corresponding pre-
f e r r e d axis of magnetization. Averaging over a l l d i r e c t i o n s 
of spontaneous magnetization we f i n d t h a t the powder suscept-
i b i l i t y i s 
X„ = I - ^ X | | 1-26 •p 
Therefore the r a t i o Xp(T=0)/Xp(T=Tj^) i s |, because X| | van-
ishes at T = 0, Xj^  i s constant and X|| =Xj_ at T = T^ .^ 
Experimental values f o r t h i s r a t i o are i n the neighbourhood 
of 2/3,: but always greater. B i z z e t t , Squire and Tsai (193?) 
found t h a t the r a t i o f o r MnO i s O.69 which i s very near to 
the t h e o r e t i c a l p r e d i c t i o n . Experimental'results of B i z z e t t 
et a l - f o r MnO are shown w i t h dashed l i n e s ' i n F i g ( l - 2 ) . 
Nagaiiiiyaet a l . (1955) p o i n t out th a t t h i s s l i g h t d i f f e r e n c e 
8 • 
of the experimental r e s u l t s from the theory may be a t t r i b -
uted t o the f o l l o w i n g p o i n t s : 
1. Incorrectness of the Weiss molecular f i e l d approximation 
, f o r X at T = Tj^. 
2. Existence of more than two s u b l a t t i c e s . 
3. E f f e c t of anisotropy energy and also anlsotropy of 
the g - f a c t o r . 
1.4 Anlsotropy of S u s c e p t i b i l i t y 
As i t was mentioned above Van Vleck (1941) assumed t h a t 
there are p a r a l l e l and. perpendicular domains w i t h a r a t i o 1/2 
and gave the s u s c e p t i b i l i t y formula X = ( X|| + 2X|^)/3. As 
Nagamia (1951) p o i n t s out, t h i s assumption can not be j u s t i -
f i e d , since the d i f f e r e n c e i n the free energy per u n i t volume 
1 2 
of the two types of domains, 2^Xj_ "Xji )H i s p o s i t i v e so th a t 
only perpendicular domains must be r e a l i z e d under thermal 
e q u i l i b r i u m . This means th a t the perpendicular s u s c e p t i b i l i t y 
i s constant below the Neel temperature, contrary to observation. 
Nagamiya mentioned th a t i n ferromagnets, the energy to the ex-
t e r n a l f i e l d - M • H can be greater than the anisotropy energy, 
and the maignetization M can e a s i l y be turned to the d i r e c t i o n 
of the e x t e r n a l f i e l d . I n antiferromagnets, however, the 
1 2 
energy due t o the external. f i e l d - g X H i s so small t h a t each 
spontaneous magnetization of the two s u b l a t t i c e s can hardly 
deviate from the easy d i r e c t i o n f o r an ordinary applied f i e l d . . 
Nagamiya(1951) gave a theory of the s u s c e p t i b i l i t y of a n t i -
ferromagnets based.on a consideration which takes the anlso-
tropy energy K i n t o accoimt. As the perpendicular suscept-
i b i l i t y i s greater than the s u s c e p t i b i l i t y p a r a l l e l to the 
f i e l d , therefore, the minimum energy c o n f i g u r a t i o n i s w i t h the 
antiferromagnetic axis perpendicular to the applied field.-. 
Consequently i n a simple Heisenberg model we expect the mom-
ents to r o t a t e u n t i l the perpendicular spin o r i e n t a t i o n i s 
obtained. Nagamlya showed t h a t such r o t a t i o n s are opposed 
by an anisotropy energy which keeps the moments aligned along 
a p a r t i c u l a r c r y s t a l a x i s . A formula f o r the dependence of 
the s u s c e p t i b i l i t y upon exter h a l magnetic f i e l d was f i r s t 
published.by Nagamiya(1951) and Yosida (1951) independently, 
and i t shows t h a t the f i e l d dependence part varies proport-
i o n a l to the square of the i n t e n s i t y of the magnetic f i e l d , 
and i n v e r s e l y p r o p o r t i o n a l to the anisotropy.constant. 
The dependence of the s u s c e p t i b i l i t y on the strength of the 
f i e l d has been i n v e s t i g a t e d f o r a number of antiferromagnets, 
and from t h i s , one can estimate the value of anisbtropy 
energy K. For example, using the measurement of B i z z e t t 
et a l . (1938), the anisotropy energy of MnO can be estimated 
to be K = 5.7 X 10^ ergs/Cm^. 
Ne''el (1953), i n t e r p r e t e d the field-dependence of the 
s u s c e p t i b i l i t y f o r cubic c r y s t a l s as a domain e f f e c t . A l -
though at t h a t time nothing was known about the domain s t r u c t -
ure i n antiferromagnets, he supposed a domain w a l l between two 
antiferromagnetic domains w i t h d i f f e r e n t spin d i r e c t i o n s i n a 
cubic c r y s t a l . By applying a magnetic f i e l d , sinceX^*^ X | | > 
one of .the domains whose spin axis i s more perpendicular to 
the f i e l d w i l l expand by pushing the w a l l t o the side of the 
other domain.. Neel proposed an e l a s t i c force of the type 
of -ex ,:(C i s a constant) which p u l l s back the w a l l to i t s 
o r i g i n a l p o s i t i o n . This mechanism also gives r i s e t o a 
f i e l d dependence of the s u s c e p t i b i l i t y p r o p o r t i o n a l t o 
\2ij2 ( X j _ - .X | | )-H'^  s i m i l a r t o 1-27. 
. 1 0 
1.5 Spin f l o p 
I f , on a p p l i c a t i o n of magnetic f i e l d H, the s u b l a t t i c e 
magnetizations remain c o l l i n e a r w i t h the easy d i r e c t i o n , the 
change i n f r e e energy per u n i t volume isAF,p=-X]] (H^/2). 
Suppose, however, the s u b l a t t i c e magnetizations a c t u a l l y , 
(M^-Mg)/MQ be perpendicular t o the easy d i r e c t i o n . I f 
the anlsotropy Ks^ O t h i s change i n f r e e energy i&AF^=-Xj_ (hV2 ). 
For 8.TI antiferromagnetic material' X|_'^ X[| • a^t T'<J'j^. There-
f o r e , under these c o n d i t i o n s , the perpendicular o r i e n t a t i o n 
would be the ground s t a t e . For K?^ : 0, Af=K-Xj_(H^/2) f o r the 
perpendicular o r i e n t a t i o n ; the p a r a l l e l o r i e n t a t i o n i s the 
s t a t e of lowest energy provided H i s not too large. At a 
c e r t a i n c r i t i c a l f i e l d H^, defined by the equation 
1-28 
or H^= 2K 
— 
spin f l o p occurs. 
When H i s applied to the p r e f e r r e d d i r e c t i o n of a u n i a x i a l 
a n t i p a r a l l e l spin system, a sudden change i n the magnetization 
p a r a l l e l t o H i s observed when H equals the c r i t i c a l f i e l d H^ . 
According t o Poner and Hou (1962), the change i n magnetization. 
AM, at H=H^ i s given by 
AM= [2K(I-O^H^]^ 1-29 
Here a i s the r a t i o of the p a r a l l e l s u s c e p t i b i l i t y to the per-
pehdicular one. The a n t i p a r a l l e l magnetization ( A.F. State) 
of the two s u b l a t t i c e s t u r n from the d i r e c t i o n of the easy axis 
t o t h a t perpendicular, and i n c l i n e towards the f i e l d d i r e c t i o n , 
and t h e r e f o r e a net magnetization M=M^ +Mg ( S. F. State) app-
ears. At temperatures w e l l below the Neel p o i n t , the c r i t i c a l 
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f i e l d i s approximately given by H^ = ( 2Hg H^^ ) Jacobs 
(1961). The value of exchange f i e l d i s estimated as the r a t i o 
of s u b l a t t i c e magnetization to perpendicular s u s c e p t i b i l i t y , 
and the anisotropy f i e l d i s the r a t i o of anisotropy energy 
per u n i t volume t o s u b l a t t i c e magnetization. Spin f l o p p i n g 
can be seen e a s i l y i f the Neel temperature i s low. Here the 
exchange f i e l d H^ i s low and hence according to the formula 
H^ =( 2H^- H^  H^ i s r e l a t i v e l y small. The phenomenon I e a I 
was f i r s t observed i n Cu Cl^' 2n^0 (T^ = 4.3 K) by. Paulis 
et a l , (1951). Spin f l o p has been studied i n a considerable 
number of antiferromagnets. For example. King and Paquette 
(1973) observed an intermediate s t a t e between the a n t i f e r r o -
magnetic and s p i n - f l o p states of WiF^. This state consists of 
a l t e r n a t e t h i n - s l a b domains of antiferromagnetic and s p i n - f l o p 
s t a t e of. MnFg. They used NMR, Faraday r o t a t i o n , , o p t i c a l -
absorption spectroscopy i n t h e i r experiments, and the i n t e r -
mediate f i e l d was between 92.5 t o 93 KOe. Kohler et a l , (1959)* 
and Wilkinson et a l , (1959), using neutron d i f f r a c t i o n observed 
t h i s phenomenon i n i r o n group h a l i d e compounds w i t h low aniso-
tropy where decoupling i s equivalent to domain r o t a t i o n . 
Wilkinson and h i s Co-workers examined i n d i r e c t l y the behaviour 
of antiferromagnetic domains i n these compounds and determined 
the s p e c i f i c o r i e n t a t i o n of the magnetic moments w i t h i n the l i f e r s 
i n i r o n group h a l i d e s . For example, t h e i r s i n gle c r y s t a l measure-
ments on CoClg i n zero magnetic f i e l d had suggested the existence 
of three types of antiferromagnetic domains i n t h i s compound. 
When the f i e l d was applied along the s c a t t e r i n g vector of the 
101 r e f l e c t i o n , the i n t e n s i t y v a r i a t i o n seemed to involve two 
processes. F i r s t , there was a domain transformation u n t i l only 
the two domains having antiferromagnetic axes most c l o s e l y per-
pendicular t o the d i r e c t i o n of the f i e l d were present. However, 
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as the e x t e r n a l f i e l d i s exceeded, the moments f l i p from the 
p r e f e r r e d c r y s t a l l o g r a p h l c d i r e c t i o n t o one perpendicular to 
the f i e l d . This process i s completed by a f i e l d of 2K0e 
Before studying the p o s s i b i l i t y of spin f l o p or domain 
w a l l motion i n cubic antiferromagnets, we w i l l review the 
s t r u c t u r e and magnetic p r o p e r t i e s of cubic perovskite KNiF^ . 
Domain w a l l observations i n these materials w i l l 
be presented i n t h i s t h e s i s . 
and KCoFy 
1.6-^  The:Crystallographic and Magnetic Structure 
of KNIF, and KCoF^ 
X-ray d i f f r a c t i o n studies of Okazaki&Suemune (I96I) 
on single, c r y s t a l s KMP^ (M = Co, Fe, Mn, N i ) revealed t h a t 
at room temperature the s t r u c t u r e s of a l l these c r y s t a l s are 
of the perovskite type and no d i s t o r t i o n from cubic symmetry 
was observed. I n the room temperature u n i t c e l l Fig.(1-3) 
each d i v a l e n t metal M^"*" i s surrounded octahedrally by s i x 
F ' Ions, at face-centres, while at each cube corner there i s 
a K"*" i o n . Each F" i o n i s c o l l i n e a r w i t h i t s two nearest 
neighbour M^"*" ions and powder s u s c e p t i b i l i t y measurements of 
Hirakawa et a l . (1960) showed t h a t a l l KMP^ c r y s t a l s become 
antiferromagnetic below N^el temperatures (T^^) shown i n Table 1-1, 
TABLE 1-1 
Temperatures of the s u s c e p t i b i l i t y maxima of KMP^ c r y s t a l s • 
Crystals KMnF, 3 KFeF, 3 KCoP, 3 KNIF, 3 
T^(K) 88 113 114 275 
Okazaki et a l . observed t h a t below these temperatures, KNIP^ 
r e t a i n s i t s l a t t i c e symmetry, but KMnF^ and KFeF^ and KCoF^ 
become monoclinic, rhombohedral( 0C <( 90°) and te t r a g o n a l (a)>c) 
r e s p e c t i v e l y . Fig.(1-4) shows the powder s u s c e p t i b i l i t y of 
•2 
Fig.(1-3) • The c r y s t a l s t r u c t u r e of KMF, 
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Fig.(1-4) Gram s u s c e p t i b i l i t y versus temperature f o r KNiF^. 
Fi g . (1-5) .Gram s u s c e p t i b i l i t y as a f u n c t i o n of temperature.. 
. f o r KCoF^ ( A f t e r Hirakawa et a l . I96O) 
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KNIF^ w i t h respect t o temperature, measured by Hlrakawa.et a l . 
For KNiF^ a f a i r l y broad maximum was found at 275 K, below which 
Xdecreases i n the usual manner and the r a t i o of^XT-^/Xmax 
0.68 which i s very n e a r l y the 2/3 predicted by Van Vleck's mole-
c u l a r f i e l d theory. Hirakawa et al.(1960) found a sharp anom-
a l y i n t h e i r s p e c i f i c heat data f o r KNiF^ at 253 K. Sykes and 
Fisher (I962) and Fisher (I962) show t h a t the s u s c e p t i b i l i t y 
maximum occurs a t a temperature somewhat higher than t h a t f o r 
which a long-range order sets i n and t h a t the Neel temperature, 
i s . more accurately given by s p e c i f i c heat or neutron d i f f r a c t i o n , 
measurements. Nouet et a l . (1972) using u l t r a s o n i c resonance, 
stress-induced l i n e a r dichroism, and heat capacity measurements 
determined an accurate Neel temperature f o r KNIF^ c r y s t a l s grown 
from the melt or i n a f l u x . A l l three techniques give a value 
of 246^1 K f o r Tj j . Nouet et a l . (1972) mentioned t h a t , when 
KNIF^ powder obtained from an aqueous s o l u t i o n was used, the 
value of Tjj, i s very d i f f e r e n t , which i s the case f o r Hirakawa's 
s p e c i f i c heat measurements g i v i n g Tj^=253 K. Therefore the 
discrepancy may be due t o the nature of the sample used. 
For KCoP^ as Fig.(1-5) shows, below 114 K, X decreases 
monotoni.cally w i t h temperature, thus. 114 K i s thought to be 
the Neel temperature. Hirakawa et a l . (I96O), using X-ray 
and c a l o r i m e t r l c measurements confirmed Tj^=ll4 K f o r KCoF^. 
J u l l l a r d and Nouet (1975) found t h a t the KCoP^ u n i t c e l l 
undergoes.a t e t r a g o n a l d i s t o r t i o n at 117 K. I n Pig.(1-5), 
a considerable d e v i a t i o n of X from the Curie-Weiss law i s 
seen. Hirakawa et a l . e x p l a i n t h a t t h i s is,because the 
lowest, o r b i t a l t r i p l e t of Co"^ ^ i n the cubic f i e l d s p l i t s 
i n t o three- l e v e l s w i t h J = i , 3/2 and 5/2 by the L-S coup-
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l i n g . As these l e v e l separations are of the order of kT, 
corresponding to the temperatures of measurements, one may 
expect such d e v i a t i o n of X ^^om Curie-Weiss law. Okazaki 
and Suemune ( I 9 6 I ) determined the l a t t i c e constant of the 
KNiF^ cubic, c e l l at 298 K to be 4.014 i O.OOIA and at 78 K, 
4.001 - 0.002A. S c a t t u r l n et a l . ( l 9 6 l ) found t h a t the 
l a t t i c e constant at 4.2 K reduces to 3.993A . Sin t a n i et 
al.(1968). also give the v a r i a t i o n of l a t t i c e constant f o r 
KNiF-^. Their r e s u l t s are generally lower than those of 
Okazaki et al..(196l). However, no d i s t o r t i o n from a cubic 
p e r o v s k i t e s t r u c t u r e was observed. Again Okazaki and 
Kawamlnani .(1973) using white X-rays and a double-crystal 
d i f f r a c t o m e t r y technique could not detect any d i s t o r t i o n 
from the cubic s t r u c t u r e of KNIF^ i n the antiferromagnetic 
region. The v a r i a t i o n of l a t t i c e constant of KNiF^ w i t h 
temperature i s shown i n Fig.(1-6). 
Okazaki and Suemune (I96I) determined the l a t t i c e con-
stant o f KCoF^ at 298K to be a = 4.069 - O.OOIA. They 
showed t h a t the s t r u c t u r e of KCoF^ d i s t o r t s from cubic to 
t e t r a g o n a l symmetry on c o o l i n g through 1^ = 114 K. At 78.-K 
they obtained a = 4.057 - 0.002 A and c = 4.049 - 0.002A, or 
2 ^ =-2 X 10'^. J u l l i a r d and Nouet (1975), using a l i q u i d 
a. 
helium c r y o s t a t which was adapted f o r an X-ray goniometer, 
were able t o measure the l a t t i c e constants of KCoF^ from 
4 t o 300 K. They observed t h a t below 117°K, the c r y s t a l 
undergoes a t e t r a g o n a l d i s t o r t i o n , and studied the temper-
ature dependence of For example at 78' K - 2.5 x lO"^, 
- 3.5 X 10-^, 
d i s t o r t i o n i s of magnetostrlctive character. F i g . ( l - 7 a ) 
and at 4.2 K, - x 1 "  and they confirm t h a t the 
a. 
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Fig.(1-7) (a) Temperature dependence of c/a f o r KC0P3. 
(b) Temperature dependence of dimensions of 
KCoF^ u n i t c e l l . 
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shows the v a r i a t i o n of l a t t i c e constants of KCoF^ w i t h 
temperature. Fig. (l-7ti) shows the v a r i a t i o n of c/a w i t h 
temperature f o r KCoF^. S c a t t u r i n et al.(196l), reviewed 
the p r o p e r t i e s of 3d d i v a l e n t ions and the c r y s t a l s t r u c t - . 
ures of p e r o v s k i t e - l i k e compounds. The 3d l e v e l of a free 
t r a n s i t i o n d i v a l e n t i o n i s s p l i t by e l e c t r i c f i e l d due t o 
negative charges or dipoles surroimding the catio n i n a 
c r y s t a l or complex. I n a f i e l d of octahedral symmetry the 
s p l i t t i n g gives r i s e to two groups of l e v e l s : a lower t r i p -
l e t ( t g g ) and an upper doublet (Sg)* Table (1-2) shows the 
e l e c t r o n d i s t r i b u t i o n f o r 3d d i v a l e n t Co and Ni ions i n KCoF-
and KNIF^. 
TABLE 1-2 
E l e c t r o n d i s t r i b u t i o n f o r Co and Ni ions I n KCoF-^  and KNiF-^ 
io n No. of 3d 
e l e c t r o n s 
Configure atlon' 
e 
g 
No. o'f unpaired 
electrons 
t ^ e 
2g g . 
Tota l 
unpaired 
electrons 
S 
Co 7 11 tit tt 1 2 3 V 2 
Ni 8 tl titi tt 0 2 2 1 
The arrangement of moments i n KMF^ c r y s t a l s i s the ex-
pected one on the basis of an i n d i r e c t exchange mechanism. 
The I n t e r a c t i o n s are supposed to take place v i a the non-
magnetic P~ anions, and the e l e c t r o n i c c o n f i g u r a t i o n of the 
cations as. w e l l as the c r y s t a l s t r u c t u r e , determines the 
p a r t i c u l a r type of ordering. 
S c a t t u r l n et al.(196I) determined the magnetic s t r u c t -
ure, of KNIF^ and KCoF^ by neutron d i f f r a c t i o n techniques. 
At 4.2K magnetic s u p e r l a t t l c e l i n e s were observed which i n -
d i c a t e an antiferromagnetic Spin arrangemeint. f o r which a l l 
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( s i x ) nearest neighbours of any spin are aligned j n a n t i p a r a l l e l 
fashion, t h a t i s , G-type s t r u c t u r e . Fig.(1-8) shows the 
G-type magnetic s t r u c t u r e , i n which p a r a l l e l and a n t i - p a r -
a l l e l o r i e n t a t i o n s of moments are shown by p o s i t i v e and 
negative spheres. 
De Jongh and Block (1975), review the a v a i l a b l e exper-
imental data on the exchange constants, J/j^, of the series 
of i n s u l a t i n g antiferromagnetic compounds XMP^ (X=K, Eb,Tl; 
M = Co, N l , Mn) and show t h a t : 
(a) i n a l l XMF-^  compounds the exchange path connecting equiv-
a l e n t nearest neighbours consist of s i n g l e , c o l l i n e a r 
(186°) M-F-M bonds; 
(b) possible c o n t r i b u t i o n s of next-nearest magnetic neigh-
bours t o the t o t a l measured i n t e r a c t i o n are known to be 
about 1^ of the nearest neighbour exchange only; 
(c) d i p o l a r c o n t r i b u t i o n s t o the t o t a l i n t e r a c t i o n f o r KMF^ 
compounds w i t h cubic symmetry i s e f f e c t i v e l y zero, where 
they ,cancel because of the cubic symmetry. 
Lines (1967) has given an:extensive discussion of KNiF^. 
I n the case of KNIF^ there i s no c o n t r i b u t i o n from magnetic 
d i p o l e - d l p o l e i n t e r a c t i o n s , as a consequence of the cubic 
symmetry, of the magnetic l a t t i c e . He assumes t h a t any aniso-
tropy of the system must be extremely small and d i d not take 
the anisotropy i n t o account, i . e . a model Helsenberg system. 
Lines has been able t o obtain a f a i r l y accurate estimate of 
exchange by analysing the measured powder s u s c e p t i b i l i t y of 
Hirakawa (I96O) i n terms of the high temperature series ex-
pansions. From the f i t of the paramagnetic s u s c e p t i b i l i t y 
to t h i s expansion he obtained S/^ = 43 - 2 K. The series 
F i g . (1-8) The magnetic u n i t cell'.of KNiF^ and KCoF^. 
P a r a l l e l and a n t i p a r a l l e l o r i e n t a t i o n of 
the moments are shown by p o s i t i v e and 
negative' spheres. ( A f t e r S c a t t u r i n 
et a l . 1961) 
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expansion also i n d i c a t e d the p o s i t i o n of the maximum i n the 
s u s c e p t i b i l i t y . R elating t h i s to the experimentally observ-
ed T(Xjjj^) = 275K, Lines f i n d s J/j^ - 45K. Furthermore, using 
the expression of Rushbrook and Wood (1958, and I963) f o r a 
three dimensional Heisenberg antiferromagnet 
( z - i ) [ i i s (s + 1) - 1] 1-29 
where f o r KNiP^, S = 1, Z = 6, Tj^ = 246 K, one can obtain . 
J/j^ = 45 K. Although Chinn et a l . ( l 9 7 l ) obtained 
j / j ^ = -50.8'K from the analysis, of t h e i r two-magnon Raman 
s c a t t e r i n g experiments, de Jongh and Block (1975) adhere to 
the value J/j^ = -44 K, since also i n the case of K^NiPj^ the. 
j / j ^ determined by Chinn et a l . ( l 9 7 l ) was more than 10^ higher 
than the other r e s u l t s . 
I n the case of KCoP^ the o r b i t a l angular momentum of 
2+ 
the Co i o n i s not quenched by the octahedrally co-ordinated 
c r y s t a l f i e l d (Buyers et a l . l 9 7 l ) . This may give r i s e t o 
the p o s s i b i l i t y of a n i s o t r o p i c magnetic i n t e r a b t i o n s between 
the ions,. However, the neutron d i f f r a c t i o n experiments of 
Holden et al.(197I) show there i s no evidence f o r the d i r e c t -
i o n a l anisotropy which has been suggested f o r exchange i n t e r -
actions i n KCoF^. 
Ivi(Breed et a l . (1969)^ estimates of Z/^ were obtained from 
the experimental Tj^ values, w i t h the a i d of the p r e d i c t i o n of 
kT 
Rushbrodk and Wood (I958, I963) f o r the N value of the simple 
J, 
cubic Heisenberg antiferromagnet w i t h S = g. Breed et a l . 
give the value J/j^ = 19.I K f o r KCoP^ which agrees w e l l w i t h 
t h a t of . Buyers et a l . (1971), J/j^. = 19-3 K. 
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1.7 Tdrque magnetometry 
The magnetic anisotropy.of antiferromagnetic c r y s t a l s 
can i n p r i n c i p l e be measured by using torque magnetometry. 
Nagamiya et al.(l96o) d i d the pioneer work on a t h e o r e t i c a l 
i n t e r p r e t a t i o n of the res u l t s , of such a technique. The r e -
s u l t s of the torque measurements on MnO c r y s t a l at l i q u i d a i r 
temperature not only contains a 2© term, but a 49 term as 
w e l l . They I n t e r p r e t e d t h e i r r e s u l t s i n two a l t e r n a t i v e 
ways: e i t h e r the torque component of period 90° i s due to 
the anisotropy energy w i t h i n the plane of easy magnetization 
or i t i s due t o the movements of walls which separate domains 
w i t h d i f f e r e n t d i r e c t i o n s of s u b l a t t i c e magnetization. Their 
i n t e r p r e t a t i o n i n terms of domain movement i s based on Neel's 
(1953) ideas and they favour a domain w a l l movement mebhanism. 
Hirakawa et a l . ( l 9 6 l ) i n v e s t i g a t e d the magnetic aniso-
tropy of s i n g l e c r y s t a l s of KCoF^ and KNIF^ using a torque 
magnetometer i n the temperature range of 78-30O K. They 
found t h a t i n the antiferromagnetic region, i f the c r y s t a l s 
were suspended along one of the cube edges, t h e i r torque 
curves can be expressed by the formula 
T = C-^H^Sm (29 + e^) - CgH^ Sin (49 + 1-30 
where © i s the angle of r o t a t i o n of the f i e l d H r e l a t i v e to 
one of the cubic a x i s , and C's are constants. 
I n the case of KCoF^, no 4© term was observed and w i t h i n 
the experimental e r r o r E-^ = 0. For KNiF^ at 78 K the torque 
curve contains both components. The phase constant £'s 
were found t o be zero, and from t h i s f a c t , i t i s concluded 
t h a t the antiferromagnetic axis i n both KCoF^ and KNiF^ i s 
p a r a l l e l t o one of the cubic axes. 
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I n KNIF-^, when no e x t e r n a l stress I s applied, the amp-
l i t u d e of the 29 term I s q u i t e small compared w i t h t h a t of 
the 49 term, but as the stress i s increased, i t grows and 
the 49 term disappears. This suggests t h a t the specimen 
becomes n e a r l y a s i n g l e domain c r y s t a l by applying the s t r e s s , 
i n agreement w i t h the r e s u l t s of Ferre et a l . ( l 9 7 6 ) , who 
measured the stress induced l i n e a r dichroism. Hirakawa and 
h i s coworkers also show t h a t the o r i g i n of the 49 term i n 
KNiP.^ may be explained by the same mechanism proposed by 
Nagamiya f o r MnO. Their c a l c u l a t i o n s based on domain w a l l 
movement are consistent w i t h t h e i r torque curve r e s u l t s . 
For KCoF^, i n which no 49 term was found i n the torque 
magnetometry i n v e s t i g a t i o n , by applying an exte r n a l stress 
along one of the cubic axes the amplitude of the 29 term i n -
creased r a p i d l y . As Hirakawa et a l . ( l 9 6 l ) pointed out, i t 
i s because of the large d i s t o r t i o n which KCoF^ undergoes i n 
the antiferromagnetic region, t h a t , i f an u-rjidirectional 
s t r e s s i s applied along one of the edges of the twinned crys-
t a l , i t may become a s i n g l e domain w i t h i t s c-axis being 
p a r a l l e l t o the d i r e c t i o n of the stress. I n Chapter Six 
of t h i s t h e s i s , i t w i l l be demonstrated how the domain p a t t -
ern i n KCoF^ i s Influenced by s t r e s s , and depending on the 
amount of s t r e s s which the cement introduces to c r y s t a l i n 
low temperatures, one may get a s i n g l e or multi-domain c r y s t a l . 
1.8 Domain Walls 
An antiferromagnetic domain w a l l i s a t r a n s i t i o n layer 
which separates adjacent domains w i t h d i f f e r e n t a n t i f e r r o -
magnetic ordering i n the c r y s t a l . Usually when the c r y s t a l 
i s cooled through the Neel temperature T^ ,^ the a n t i f e r r o -
magnetic.ordering n u c l e a t i n g i n various regions of the c r y s t a l 
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w i l l vary i n d i r e c t i o n . For example NiO i s cubic, whereas 
below the c r y s t a l becomes s l i g h t l y d i s t o r t e d from t h i s 
cubic s t r u c t u r e to a rhorabohedral one, and the amount of d i s -
t o r t i o n increases as the- temperature decreases. I n NiO. the 
magnetic moments are arranged i n ferromagnetic sheets t h a t 
l i e i n |^1I1 planes. On cooling below the N^el temperature 
a c o n t r a c t i o n occurs along the <111> d i r e c t i o n s . There are, 
however, four equivalent <(111^ - d i r e c t i o n s . The r e s u l t ' 
i s t h a t d i f f e r e n t regions of the c r y s t a l have d i f f e r e n t con-
t r a c t i o n axes and the c r y s t a l becomes twinned. These twinn-
ing planes form antiferromagnetic domain walls which can be 
studied by usual c r y s t a l l o g r a p h i c methods. 
I t should be pointed out t h a t antiferromagnetic domains 
are not t o be expected f o r the same reason as i n ferromagnetic 
m a t e r i a l s , t h a t i s , to reduce the magnetostatic energy. The 
presence of domains, would, however, increase the entropy be-
cause of a d d i t i o n a l d isorder, and hence lower the free energy, 
Morrish .(1965). I t seems t h i s change i n entropy i s very 
small, and there should be some other reason f o r the e x i s t -
ence of domain w a l l s . 
1.9 Experimental Techniques f o r Antiferromagnetic 
Domain Observation. 
Most of the techniques f o r r e v e a l i n g ferromagnetic 
domains r e q u i r e a non-zero magnetization. I n a n t i f e r r o -
magnetic c r y s t a l s there i s no net magnetization, but as 
was mentioned above, the c r y s t a l imdergoes a magnetostrictive 
d i s t o r t i o n below T^ ,^ which i s u s e f u l f o r domain w a l l observ-
a t i o n e i t h e r by o p t i c a l b i r e f r i n g e n c e microscopy or X-ray 
topography. I n the o p t i c a l case, the t w i n walls are v i s -
i b l e because each domain i s an o p t i c a l l y u n i a x i a l c r y s t a l 
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w i t h the o p t i c axis coincident w i t h the c o n t r a c t i o n a x i s . 
Twin w a l l s i n NIO were e a s i l y seen w i t h transmitted polar-
ized l i g h t i n t h i n sections of c r y s t a l which were 100|j,m 
or less t h i c k (Roth 1960). 
X-ray Lang topography i s a powerful technique w i t h good 
r e s o l v i n g power which has been f r e q u e n t l y used f o r domain 
studies, Polcarova & Lang (1962), Polcarova (I967 and I969). 
By applying t h i s technique one can study domains i n the i n -
t e r i o r of bulk specimens which are opaque t o v i s i b l e or i n -
f r a red l i g h t . The contrast of domains i s only due to the 
d i f f e r e n c e i n deformation on opposite sides of the w a l l which 
i s produced by the magnetostriction.. X-ray synchrotron 
topography and i t s a p p l i c a t i o n to observe and c o n t r o l the 
movement of domain w a l l s i n the presence of magnetic f i e l d s 
at low temperatures has been developed by the Durham group, 
(Tanner et a l . 1976, 1977 a,b). A b r i e f review of dynam-
i c a l X-ray d i f f r a c t i o n theory, techniques of X-ray topo-
graphy and the contrast of the defects and domain, walls i n 
X-ray. topographs w i l l be given i n Chapters Two and Three. 
1.10 Review of the Antiferromagnetic Domain Wall Studies 
Antiferromagnetic domains were f i r s t observed i n NiO 
c r y s t a l s by Slack (196O) and Roth (I96O) i n d i r e c t l y w i t h 
neutron d i f f r a c t i o n and d i r e c t l y w i t h p o l a r i z e d l i g h t . NiO. 
i s paramagnetic a t temperatures above Tjj=523°K and i t s 
s t r u c t u r e i s cubic. Below T^ ,^ the. antiferromagnetic ord-
e r i n g r e s u l t s i n a s l i g h t rhombohedral deformation of the 
c r y s t a l , which consists of a c o n t r a c t i o n of the o r i g i n a l 
cubic u n i t c e l l along one of the axes. This con... 
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t r a c t i o n i s of the order of lO"-^. Because t h i s c o n tract-
ion may occur along any of the four equivalent d i r e c t i o n s 
i n the parent cubic c r y s t a l , c r y s t a l l o g r a p h i c twinning 
(which i s r e l a t e d t o the antiferromagnetic ordering) may 
take place and four types of t w i n walls may e x i s t . 
The t r a n s i t i o n l ayer separating twinned domains i s 
c a l l e d a T w a l l . Another type of domain w a l l which arises 
from a r o t a t i o n of moments w i t h i n the ferromagnetic sheets 
of an antiferromagnet i s c a l l e d an S w a l l . S Walls have 
also been observed i n NiO by Roth (1960). Roth studied 
the movement of T w a l l s i n NiO by applying a magnetic f i e l d . 
He observed t h a t when a magnetic f i e l d of 20-30 KOe was applied 
to w e l l annealed c r y s t a l s , the T w a l l s were displaced or 
r o t a t e d t o new p o s i t i o n s . Roth mentioned t h a t the response 
to H i s h i g h l y e r r a t i c because T w a l l s are e a s i l y pinned 
by imperfections i n the c r y s t a l . Both.T and S w a l l s were 
observed i n NiO, using double c r y s t a l X-ray topography, 
Yamada et a l . (I966). They observed S-domains and deduced 
the magnitude of the magnetostriction. They found t h a t : 
1. The d i r e c t i o n of easy magnetization i s very close t o 
one of the ^[^112] 
Q. There e x i s t two types of magnetic w a l l s f o r S-domains, 
S w a l l s p a r a l l e l t o -0(110) and S-walls p a r a l l e l t o 
^(2~re 11) , 
(The expressions OC^vwJ and'O(uvw) are used to mean 
a group of three axes or planes obtained by permuting 
u, V and w r e s p e c t i v e l y ) . 
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3. The spontaneous magnetostriction expressed as an 
orthorhombic deformation and a monocllnic deformation, 
i s estimated as ®x'x' • ®y'y' I = 9^ - 3) x lO"^ and 
®z'x' I " ^-^-^" -^-^  ^  , y'* ^ ' 
axes of an orthogonal co-ordinate system taken along 
[112], [ i i o ] ahd [ i l l ] , r e s p e c t i v e l y . Using s i m i l a r 
X-ray topography techniques, Nakahigashi et al.(I975) 
s t u d i e d antiferromagnetic domain w a l l s i n w e l l annealed 
NiO c r y s t a l s and determined the s t r a i n components of 
spontaneous magnetostriction i n NiO. Their values are 
As seen these values are a few times l a r g e r than those 
found previously by Yamada et a l . ( l 9 6 6 ) . 
Salto et al.(I966) observed two types of domains i n 
CoO at 140 K by Berg-Barrett topography. CoO i s an a n t i -
ferromagnet w i t h Tjj = 293 K. Above Tj^ the c r y s t a l struet?-
ure i s of the Na CI type, whereas below T^, the l a t t i c under-
goes a t e t r a g o n a l deformation along one of the cubic axis 
which increases gradually with, decreasing temperature and 
-2 
i s of the order of 10 at 77 K. Saito et a l . also found 
a new rhombohedral deformation i n CoO below H^. They could 
observe two types of domains at l40 K by X-ray Berg-Barrett 
topography. Domains of one type are characterized by the 
d i r e c t i o n of the t e t r a g o n a l a x i s which were c a l l e d T domains. 
Domains of the other type are subdomains present i n each T-
domain. They are formed as a r e s u l t o f the change i n the 
d i r e c t i o n of the t r i g o n a l axis of the antiferromagnetic 
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spin arrangement and, therefore,, they are d i s t i n g u i s h e d 
by the d i r e c t i o n of the rhombohedral a x i s . This type of 
domains were c a l l e d r domains and t h e i r walls r - w a l l s , 
Saito et al.(I966). 
Antiferromagnetic domains i n Cr have been observed by 
X-ray d o u b l e - c r y s t a l topography ..in Jche .low temperature phase 
or lower than the spin f l o p temperature, 122 K where the 
c r y s t a l i s i n a s t a t e of l o n g i t u d i n a l p o l a r i z a t i o n (AFg). 
The domain boundary due t o s l i g h t t e t r a g o n a l i t y of the 
c r y s t a l l a t t i c e was observed by Hosoya and Ando (1971). 
Ando and.Hosoya (1972) have used neutron topography to' 
observe spin-density-wave domains i n antiferromagnetic Cr 
and came to the conclusion t h a t there was a discrepancy of 
several orders of magnitude between the observed and c a l -
c u l ated domain sizes. 
1.11 Spin C o n f i g u r a t i o n i n Antiferromagnetic Domain Wall 
The t r a n s i t i o n i n spin ordering occurs gradually over a 
number of atomic planes and gives r i s e t o a meta-stable spin 
c o n f i g u r a t i o n i n the c r y s t a l . Nagamiya (1958) suggested t h a t 
the spins, would be s p a t i a l l y varying i n a gradual way so as to 
minimize the t o t a l energy which i s the sum of the super-exchange 
energy among <(^00)> neighbours, the exchange energy among <(llO/' 
neighbours,, the magnetic anisotropy energy, and the e l a s t i c 
energy. . He also showed t h a t the boundary region between 
both T and S domains i n NiO i s a kin d of Block w a l l . 
The Block w a l l i n a ferromagnetic c r y s t a l i s a t r a n s i t i o n 
l a y e r which separates adjacent regions (domains) magnetized i n 
d i f f e r e n t d i r e c t i o n s . The e n t i r e change i n spin d i r e c t i o n 
between domains does not occur i n one discontinuous jump across 
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a s i n g l e atomic plane (Fig.1-9). The t o t a l exchange energy i s 
minimized when the change i s d i s t r i b u t e d over many spins, but the 
anisotropy energy i s minimized when the change i s over few spins. 
The energy per u n i t area of w a l l i s the sum of c o n t r i b u t i o n s from 
exchange , and anisotropy energies: (f = rf^ + (T^^. • Minimizing 
t h i s energy one obtains the r e l a t i o n s g i v i n g the magnitude of 
the w a l l thickness, and the t o t a l w a l l energy per u n i t area of 
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w a l l . . I n i r o n j:^ 1 erg/cm , and the thickness of the trans-
i t i o n region i s about 300 l a t t i c e constants. 
The spin c o n f i g u r a t i o n i n antiferromagnetic domain walls 
of Nio-type c r y s t a l s has been studied t h e o r e t i c a l l y by Yamada 
(1963, and 1966). He formulated Nagamjya's ideas and obtained 
s o l u t i o n s f o r three.cases: 90°, 60° and l80° walls for.NiO. 
A model of the spin c o n f i g u r a t i o n i n s i d e the w a l l which i s s i m i l a r 
to a Block w a l l (Fig.1-10) i s given. The.wall width and the 
stored energy i n the w a l l are estimated t o be about 80 A and 
4 erg/cm f o r the [001} walls i n NiO and 9k and 20 erg/cm f o r 
the £001} walls'in MnO. This model shows t h a t the a n t i f e r r o -
magnetic domain w a l l s i n NiO and MnO are very much narrower than 
the ferromagnetic ones, but as i t i s the only work on domain w a l l 
spin c o n f i g u r a t i o n i n NiO type c r y s t a l s , the need f o r more theoret-
i c a l work e s p e c i a l l y on the simple cubic systems l i k e KMF^ i s 
s t r o n g l y f e l t . 
1.12 Domain.Walls i n Perovskite KMF^ (M = Co, Ni) 
Schlenker et a l . (1974) observed antiferromagnetic domains 
i n KCoF^, by X-ray topography at 78 K. Although t h e i r c r y s t a l 
does not seem to be of good q u a l i t y they observed a domain pa t t e r n 
mostly of (Oil)and ( O i l ) walls separating T domains w i t h mean 
s u b l a t t i c e magnetization d i r e c t i o n * a l o n g i [OlOj and - [ o o l ] . 
mm 
Fig.(1-9) The s t r u c t u r e of the Bloch'wall separating-
domains. I n i r o n the thickness of the 
t r a n s i t i o n region i s about 300 l a t t i c e 
constants. ( A f t e r K i t t e l 1971). 
1 
,Fig.» (1-10) V a r i a t i o n s of spins S^ , and s t r a i n i n the 
(100.) plane i n the case of an a n t i f erro-
magnetic 90° domain w a l l . This f i g u r e i s 
somewhat exaggerated. ( A f t e r Yamada .19^3) 
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They also observed a substructure w i t h i n the T-domains, which 
they believed t o be small d i s t o r t i o n s on top of the large 
quadratic d i s t o r t i o n of the T w a l l s . . They suggested t h i s 
small d i s t o r t i o n could be associated w i t h S-domains. The 
author's observations of domain walls i n d i f f e r e n t samples 
of good q u a l i t y KCoF^, show no substructure i n the domain 
p a t t e r n of KCoF^. The d e t a i l s of the experiments w i l l be 
presented i n Chapters Six and Eight. 
Hirakawa et a l . ( 1 9 6 I ) , f o l l o w i n g t h e i r i n t e r p r e t a t i o n 
of tarque curves and p r e d i c t i n g domain w a l l motion i n KNiF^, 
t r i e d t o observe any symmetry change or domain walls i n 
KNiF^ through the p o l a r i z e d microscope at about I50K but they, 
could not observe any transformation from the cubic symmetry. 
Although no d i s t o r t i o n had previously been observed i n the 
antlferromagnetic region, the author has observed a n t i f e r r o -
magnetic domain w a l l s i n h i g h l y p e r f e c t KNIF-^ c r y s t a l s at the 
temperature range 4.2 - 200K using X-ray topographic techniques, 
(Safa et al.l975, Safa and Tanner 1976). The experiments r e -
vealed three types o f domains w i t h spin o r i e n t a t i o n s p a r a l l e l , 
t o the cube axes and i t i s concluded t h a t a small d i s t o r t i o n 
of the order of 10"^ e x i s t s below T^ .^ Domain walls are of' 
90° type and. l i e on •[llO^ planer- The d e t a i l s of the r e s u l t s 
and the analysis, of the domain p a t t e r n w i l l be .presented i n 
Chapters Six and Eight. 
1.13 Domain Wall Motion i n Cubic Antiferromagnetic Crystals. 
I n cubic antiferromagnets,. P e t i t et al.(1975).have obser-
ved a large gradual' change i n the f i e l d dependence of the mag-
n e t o - o p t i c a l : spectra of cubic KNIF^ at a moderate magnetic 
f i e l d . They measured the magnetic c i r c u l a r dichroism (MOD) 
and, t h e i r apparatus was able to detect dichroism of 10"^ i n 
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absorption. They gave evidence f o r the detection of AF and 
SF phases by MCD and they concluded t h a t the observed MCD.in 
low magnetic f i e l d arose from the d i f f e r e n c e i n energy between 
the up-spin and down-spin s u b l a t t i c e s . P e t i t et al.(1975) 
reported t h a t when they increased the magnetic f i e l d along 
the f o u r f o l d z ax i s , contrary to the c l a s s i c a l "spin f l o p " 
i n s i d e a s i n g l e domain, a continuous and gradual t r a a s i t i o n 
occurred at f i e l d s less than lO KOe • The same type of ex-
periments on KNiF^ were performed using e x t e r n a l stress by 
Pisarev et al.(1972) and Perre et al.(1976). They conclud-
ed both magnetic f i e l d and stress experiments gave consistent 
r e s u l t s . Their r e s u l t s suggest t h a t the gradual t r a n s i t i o n 
i n t h e i r magneto-optical spectra i s not due to a microscopic 
"spin f l o p " phenomenon which u s u a l l y occurs suddenly and 
involves H^ and H„, but r a t h e r to a r e v e r s i b l e movement of e a 
t w i n w a l l s at low magnetic f i e l d . Using X-ray synchrotron 
topography, the movement of^ domain w a l l s i n KNiF^ and KCoP^ 
was studied i n a series of f i e l d steps up to l4K0e at temper-
atures upward from 4.2K. These experiments which w i l l be 
presented i n Chapter Eight of t h i s t h e s i s , confirm t h a t the 
above mentioned t r a n s i t i o n i n magneto-optical spectra does, 
i n f a c t , occur by domain w a l l movement and the mechanism i s 
markedly d i f f e r e n t from the "spin f l o p " i n u n i a x i a l a n t i -
ferromagnets. The X-ray synchrotron topography experiments 
show t h a t w a l l s whose plane contained the f i e l d d i r e c t i o n 
were immobile and from analysis of the contrast i t i s con-
cluded t h a t w a l l s move such t h a t i n high f i e l d s the s p i n s . l i e 
i n a plane,perpendicular t o the f i e l d d i r e c t i o n and confirm 
s u g g e s t i o n s • o r i g i n a l l y put forward by Neel (1953)' 
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CHAPTER TWO 
X-RAY DIFFRACTION TOPOGRAPHY 
2.1 I n t r o d u c t i o n 
X-ray d i f f r a c t i o n topography contains several d i f f r a c t -
i o n techniques by which a topographical display of the micro-
scopical defects i n a c r y s t a l can be obtained. Lang (1970) 
i n h i s review a r t i c l e "recent a p p l i c a t i o n s of X-ray topo-
graphy" reviewed a considerable number of experimental works 
over the years. Bonse, Hart and Newkirk (1967), Austermann 
and Newkirk ( I 9 6 7 ) , Isherwood and Wallace (1974), and Arm-
strong and Wu (1975) gave b r i e f e r reviews. The f i r s t book 
about X-ray d i f f r a c t i o n topography by Tanner ( I976) provides 
the basic i n f o r m a t i o n f o r t a k i n g and i n t e r p r e t i n g X-ray topo-
graphs and includes a considerable number of references. As 
X-ray topography i s so w e l l documented here a very b r i e f i n t r o -
d u c t i o n t o the most u s e f u l techniques i s presented. 
X-ray d i f f r a c t i o n topography i s concerned w i t h p o i n t t o 
po i n t v a r i a t i o n s i n the d i r e c t i o n s or the i n t e n s i t i e s of X-rays 
t h a t have been d i f f r a c t e d by a c r y s t a l and therefore one can 
obtai n a d i r e c t mapping of the l a t t i c e plane topography of a 
c r y s t a l and from these v a r i a t i o n s the defect s t r u c t u r e s of 
the c r y s t a l may be studied. 
X-ray topography has many s i m i l a r i t i e s w i t h e l e c t r o n 
microscopy of c r y s t a l s . The great d i f f e r e n c e between these 
two techniques i s the much i n f e r i o r r e s o l u t i o n of the X-ray 
technique. I n X-ray topographs the images of d i s l o c a t i o n s 
are several micrometers, whereas e l e c t r o n microscope Images 
are a few hundred Angstroms i n width. I n order to reveal 
dislocation'images by X-ray. topographs, because of the wide 
images, very low d i s l o c a t i o n density c r y s t a l s are required. 
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I n e l e c t r o n microscopy very t h i n areas of specimen are pre-
pared and examined w i t h high magnification. Therefore i n 
e l e c t r o n microscopy one should use specimens w i t h very high 
d i s l o c a t i o n d e n s i t i e s or the chance of f i n d i n g a d i s l o c a t i o n 
i n the f i e l d of view w i l l be very small. However, X-ray 
topography has two outstanding aspects. F i r s t l y , the X-rays' 
w i l l penetrate a considerable thickness of the c r y s t a l and 
one can study the bulk of the sample. Secondly, the tech-
nique i s non-destructive. Therefore i t i s possible to take 
repeated X-ray topographs of organic c r y s t a l s which would 
q u i c k l y v o l a t i l i s e or decompose i n the e l e c t r o n microscope. 
The aim of a l l X-ray topography techniques i s to pro-
vide a p i c t u r e of the d i s t r i b u t i o n of defects I n a c r y s t a l . 
Images can be formed e i t h e r by " o r i e n t a t i o n " contrast or 
" e x t i n c t i o n " c o n t r a s t , Lang (1970) and Tanner (1976). 
2.2 O r i e n t a t i o n Contrast 
Suppose the c r y s t a l i s set i n an X-ray beam of di v e r -
gence A(t> so t h a t Bragg r e f l e c t i o n from a p a r t i c u l a r set of 
l a t t i c e planes i s obtained f o r one or more c h a r a c t e r i s t i c 
l i n e s . I f the c r y s t a l contains a region misoriented w i t h 
respect t o the otherwise p e r f e c t c r y s t a l , contrast between 
the misoriented region and the c r y s t a l matrix w i l l be observed 
i f the m i s o r i e n t a t i o n exceeds > as no d i f f r a c t i o n can be 
obtained i n the misoriented region. The v a r i a t i o n of the ' d i f -
f r a c t e d beam from p o i n t - t o - p o i n t on the image, i s c a l l e d 
o r i e n t a t i o n c o n trast. This k i n d of contrast can provide a • 
measure of l a t t i c e m i s o r i e n t a t i o n and can be i n t e r p r e t e d by 
simple geometrical r e l a t i o n s without using dynamical theory. 
For c h a r a c t e r i s t i c divergent beam or continuous spectrum, i f 
the c r y s t a l contains misoriented regions, the d i r e c t i o n s of 
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the d i f f r a c t e d beams from these regions can also cause 
o r i e n t a t i o n c o n trast. I f the f i l m i s placed a considerable 
distance from the specimen, s p a t i a l overlap or separation 
occurs leading to enhanced or reduced i n t e n s i t y correspond-
i n g t o the boimdaries of the misoriented regions. 
2.3 E x t i n c t i o n Contrast 
The contrast a r i s i n g from point t o p o i n t v a r i a t i o n s i n 
l a t t i c e p e r f e c t i o n i s termed " e x t i n c t i o n " contrast. There 
i s a d i f f e r e n t scattered i n t e n s i t y from the v i c i n i t y of the 
i m p e r f e c t i o n . Proper choice of d i f f r a c t i o n geometry. X-ray 
wavelength and specimen thickness can provide optimum ex-
t i n c t i o n c o ntrast f o r a given volume of c r y s t a l . The nature 
of the image i n t h i s case can only be i n t e r p r e t e d by dynam-
i c a l d i f f r a c t i o n theory. 
2.4 The Schulz Method. 
This i s a r e f l e c t i o n technique (Schulz, 1954) using 
continuous r a d i a t i o n . A bundle of white X-rays divergent 
from a p o i n t source i s d i f f r a c t e d by the c r y s t a l and recorded 
on a f i l m . Fig.(2-1). Schulz introduced microfocus X-ray 
tubes i n t o X-ray topography, and using the distance- source-
to-specimen and specimen-to-film about equal, he could gain 
s e n s i t i v i t y t o o r i e n t a t i o n contrast i n a d d i t i o n to e x t i n c t i o n 
c o n t r a s t . The r e s o l u t i o n depends on the size of the f o c a l 
spot of the X-ray tube. Fig.(2-1) shows the schematic arrange-
ment of Schulz technique using a 25|Im fine-focus tube. Guinier 
and Tennevin (1949) used a s i m i l a r technique i n transmission 
w i t h white X-rays d i v e r g i n g from a point source. Using t h i s 
technique, i t i s o f t e n possible to obtain several images on 
one f i l m , each image being a r e f l e c t i o n from d i f f e r e n t grains 
Sample 
25|im 
Fine Focus Tube 
Fig.(2-1) Schematic arrangement f o r the Schulz technique, 
Source 
Crystal 
•<F.ig. (2-2.) Schematic arrangement of the Berg-Barrett technique, 
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or l a t t i c e planes. The r e f l e c t i o n s from a given f a m i l y of 
c r y s t a l planes makes i t possible t o obt a i n photographs from 
which the s c a t t e r of the normals to these planes may be deter-
mined w i t h an accuracy of 10 seconds of arc, even i n a r e l a t -
i v e l y large, c r y s t a l . The r e s o l u t i o n i n t h i s case i s poor. 
Using synchrontron r a d i a t i o n w i t h very small angular d i v e r -
-4 
gence of 10 radians, and enormous i n t e n s i t y Toumi et a l . 
(1974), and r e c e n t l y Tanner, Safa, Midgley and Bordas (1976), 
Tanner, Safa, and Midgley (1977) and Tanner, Midgley and Safa 
(1977) have demonstrated t h a t X-ray topographs i n the Guinier-
Tennevin m.ode w i t h high r e s o l u t i o n can be obtained w i t h the 
exposure time of a few seconds. Hart (1975) using synchrot-
ron r a d i a t i o n took topographs i n r e f l e c t i o n (Schulz mode) w i t h 
geometrical r e s o l u t i o n of the order of l-2|im. Synchrotron 
topography has proved to be a very powerful and r e v o l u t i o n a r y 
technique, and as t h i s technique has been used to observe 
domain w a l l movement w i t h a p p l i c a t i o n of magnetic f i e l d up 
tol4K0ein low temperatures. Chapter Three of t h i s t h e s i s i s 
devoted t o sync;hrotron topography. 
2.5 Berg-Barrett Topography 
This method o r i g i n a t e s from work by Berg (1931) and 
B a r r e t t (1945). Fig.(2-2) shows the e s s e n t i a l features of 
t h i s method. The s i n g l e c r y s t a l i s set to Bragg - r e f l e c t 
the c h a r a c t e r i s t i c r a d i a t i o n from a chosen set of l a t t i c e 
planes, using an extended source. As the KOt l i n e i s i n f a c t 
a c l o s e l y spaced KCL-^ - WXg doublet, t h i s r e s u l t s i n a doubling 
of the image of any defect due to the d i f f e r e n t angles of the 
two d i f f r a c t e d beams. When the recording p l a t e i s close to 
the specimen, the separation of double images due to the 
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KOL^  - YXX^ doublet i s n e g l i g i b l y small. By p u t t i n g a f i n e -
g r a i n p l a t e extremely close to the specimen, r e s o l u t i o n of 
about l|lm can be achieved. As t h i s i s a r e f l e c t i o n technique 
and X-rays penetrate only a few micrometers i n t o the c r y s t a l , 
e f f e c t i v e l y a very t h i n s l i c e of the c r y s t a l i s examined and 
the r e f o r e the technique can be used f o r much higher d i s l o c a t -
ion d e n s i t i e s than i n transmission techniques. I n trans-
mission the overlapping of images from d i s l o c a t i o n s at d i f f e r - . 
ent depths i n the c r y s t a l l i m i t s the u s e f u l d i s l o c a t i o n density 
4 - 2 6 - 2 to less than about 10 cm compared w i t h about 10 cm i n 
r e f l e c t i o n . Therefore f o r assessing c r y s t a l q u a l i t y , surface 
r e f l e c t i o n techniques should be employed f i r s t of a l l . 
2.6 Lang's Method 
This i s a very widely used and powerful technique which 
i s s e n s i t i v e to both e x t i n c t i o n and o r i e n t a t i o n contrast, 
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where the o r i e n t a t i o n s e n s i t i v i t y i s about 5 x 10 . I n 
t h i s method, a ribbon X-ray beam i s c o l l i n a t e d to a s u f f i c i e n t -
l y small angular divergence t h a t only one c h a r a c t e r i s t i c wave-
length can be d i f f r a c t e d by a set of planes of the c r y s t a l . 
Therefore simultaneous d i f f r a c t i o n of the KOt^  and KOl^  l i n e s 
i s avoided and only the KOC-j^  w i l l be used, because of i t s greater 
-4 
i n t e n s i t y . The t y p i c a l angular divergence i s 5 x 10 radians 
which i s greater than the pe r f e c t c r y s t a l r e f l e c t i n g range of 
10"^ radians. 
2.6.1 Section Topographs (Lang 1958) 
The d i f f r a c t i o n geometry of the section topograph i s 
simple Fig.(2-3). The c r y s t a l i s set such that the character-
i s t i c X-ray i s Bragg-reflected by planes p a r a l l e l to those 
schematically i n d i c a t e d by the l i n e s normal to the X-ray 
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entrance and e x i t surfaces. A d i f f r a c t e d beam Issues from 
the rear.surface of the specimen, passes through a s i l t and 
Is recorded on the photographic emulsion. The s i l t I s used 
to e l i m i n a t e the d i r e c t beam. Section topographs provide 
very u s e f u l Informa'tlon from a small region of c r y s t a l when 
the beam i s narrow compared w i t h the base of Borrmann fan, 
i . e . 2tSin9g ( t i s c r y s t a l thickness., and 0g i s the Bragg 
angle). As the width of the beam p r a c t i c a l l y can not be 
less than 10|lm, a p p l i c a t i o n of section topography f o r t h i n 
c r y s t a l s i s not possible. The use f u l feature of the section 
topograph i s t h a t i t can be used to locate the p o s i t i o n of 
imperfections w i t h i n the c r y s t a l and also determine the d i r -
e c t i o n of energy flow i n the c r y s t a l . 
2.6.2 P r o j e c t i o n Topographs (Lang 1959) 
I n the p r o j e c t i o n topographytechnique, the c r y s t a l and 
f i l m are both mounted on an accurate l i n e a r t r a v e r s i n g mechan-
ism. During the exposure they move back and f o r t h together, 
so t h a t . t h e whole area of i n t e r e s t i n the specimen w i l l be 
scanned by the ribbon Inc i d e n t beam. The d i r e c t i o n of t r a -
verse i s shown by arrows i n Pig.(2 - 3 ) . As the two-dimension-
a l p a t t e r n on the f i l m i s a p r o j e c t i o n of the c r y s t a l slab and 
i t s I m perfection content, Lang (1959) c a l l e d i t the " p r o j e c t i o n 
topograph". He showed t h a t a p r o j e c t i o n topograph i s equiv-
a l e n t t o a superposition of many section topographs. Pro-
j e c t i o n topography presents a use f u l survey of the o v e r a l l 
d i s t r i b u t i o n of imperfections. Stereo topographs are o f t e n 
taken as a p a i r i n h k l and h k l r e f l e c t i o n s , and such stereos 
give a three dimensional p i c t u r e of the defects w i t h i n the 
volume of the c r y s t a l slab. Lang (I963) modified the pro-
CRYSTAL 
SOURCE 
COLIMATOR 
FIG.{2-3) Arrangements for Lang's transmission technique. 
projection topographs are obtained by scanaing 
the crystal and film across the beam. 
In the case of section topographs the crysta l and 
. the film are stationary and the beam is narrow. 
FILM 
/ SOURCE 
FIG. ( 2 - 5 ) The double crystal arrangement 
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j e c t i o h method so t h a t images are recorded only from Imper-
f e c t i o n s which l i e w i t h i n a chosen range of depth i n the 
c r y s t a l specimen. This technique of " l i m i t e d p r o j e c t i o n 
topographs" allows easier study of i n t e r n a l imperfections by 
e l i m i n a t i n g images of surface damage. I n t h i s technique the 
d i f f r a c t e d beam s l i t s are set to cut i n t o the beam and allow 
only p a r t of the d i f f r a c t e d beam corresponding to an e f f e c t -
ive depth of the c r y s t a l t o reach the f i l m . Lang (I963) also 
performed " d i r e c t beam topography" w i t h nearly perf e c t crys-
t a l s . I n t h i s case he recorded the d i r e c t l y t r a nsmitted beam 
on the photographic p l a t e . The d i s l o c a t i o n d i f f r a c t i o n con-
t r a s t obtained i n t h i s way, when X-ray absorption i s low, i s 
complementary to t h a t produced i n the usual d i f f r a c t e d beam 
topograph. 
2.7 Topographic Resolution 
(a) V e r t i c a l r e s o l u t i o n 
V e r t i c a l r e s o l u t i o n on X-ray topographs, t h a t i s , 
i n the d i r e c t i o n perpendicular to the plane of i n c i d e n t 
and d i f f r a c t e d rays, i s of purely geometrical nature and 
the r e s o l u t i o n 5 i s given by Fig.(2-4). 
F i g . 2-4. V e r t i c a l r e s o l u t i o n c r i t e r i a 
where L i s the specimen to p l a t e distance, D i s the 
source t o specimen distance, and V i s the projected 
height of the source. When great care i s taken to place 
the photographic p l a t e w i t h i n 1cm of the c r y s t a l , and 
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s u b s t i t u t i n g t y p i c a l values f o r V and D, a r e s o l u t i o n 
i n the order of a few microns i s obtained. For high 
q u a l i t y topographs a small specimen-plate distance 
should always be aimed f o r . 
(b) H o r i z o n t a l r e s o l u t i o n 
The topographic r e s o l u t i o n I n the plane of i n c i d e n t 
and d i f f r a c t e d rays, h o r i z o n t a l r e s o l u t i o n , depends upon 
the wavelength spread of.the X-rays and t h e i r dispersion 
by the specimen, the i n t r i n s i c angular range of r e f l e c t -
i o n of specimen c r y s t a l and v i b r a t i o n s of specimen during 
the: exposure. 
The g r a i n size of the nuclear emulsion plays an import-
ant p a r t i n o b t a i n i n g high r e s o l u t i o n topographs. The recomm-
ended rec o r d i n g medium f o r X-ray topographic images i s I l f o r d 
L^t Nuclear .Emulsion. I t possesses a g r a i n size w e l l below 
the topographic r e s o l u t i o n set by geometrical and other f a c t o r s . 
Care should be taken t o place the emulsion plates normal t o 
the d i f f r a c t e d beam. To o b t a i n a r e s o l u t i o n of l(lm, the width 
of. the p r o j e c t i o n of the ray i n the emulsion must not exceed 
t h i s and one can see t h a t i n a 100|im emulsion the ray must be 
w i t h i n of the normal whereas w i t h a 25)lm emulsion a 2° e r r o r 
can be t o l e r a t e d . Emulsions t h i c k e r than 100|im are d i f f i c u l t 
t o process and also s u f f e r from loss of r e s o l u t i o n i f the beam 
does not pass normally through the emulsion. Compared w i t h 
t h i c k emulsions, t h i n emulsions give greater s t a t i s t i c a l f l u c t -
uations I n the number of the developed grains per u n i t area 
and they do not have as high a usable photographic density 
range as t h i c k e r emulsions. Therefore a compromise between 
the e f f i c i e n c y and r e s o l u t i o n should be reached. D e t a i l s of 
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experimental procedure and.processing of the nuclear emul-
sion p l a t e s can be found i n Lang's (1970) a r t i c l e and Tanner's 
(1976) book. 
2.8. The Double-Crystal Topography 
This topographic technique was developed independently 
by Bond and:Andrus (1952) and Bonse and Kappler (1958). I n 
t h i s method. Fig.(2-5), the r e f e r e n c e . c r y s t a l and specimen 
consist of the same ki n d of ma t e r i a l so t h a t exactly the same 
spacing of r e f l e c t i n g planes can be used i n both c r y s t a l s . 
I n t h i s high s e n s i t i v i t y ( ( +-) p a r a l l e l arrangement X-rays 
are d i f f r a c t e d successively from two sets of l a t t i c e planes 
of equal spacing f i r s t i n the h k l and h k l . . I n t h i s geometry, 
the d o u b l e ' c r y s t a l technique i s extremely s e n s i t i v e t o l a t t i c e 
d i s t o r t i o n or m i s o r i e n t a t i o n , and the rocking curve obtained 
when one of the c r y s t a l s i s r o t a t e d i s very narrow, t y p i c a l l y 
a few seconds of arc. This makes the method very s u i t a b l e 
f o r measuring small t i l t s . When the specimen i s s l i g h t l y 
o f f s e t from the exact p a r a l l e l p o s i t i o n , t h a t i s , on the f l a n k 
of the rocking curve, s t r a i n s of | ^ '^/d\ <^10~^-10~'^ can be 
detected, Bonse et a l (1967). Deformations of t h i s magnit-
ude occur at distances of up t o 50 or 100|im from the cores 
of s i n g l e d i s l o c a t i o n s , depending upon the mater i a l examined. 
Using t h i s topographic technique Aldred and Hart (1973) found 
t h a t l a t t i c e parameter v a r i a t i o n s i n s i l i c o n c r y s t a l s claimed 
g 
f r e e from carbon were of only a few parts i n 10. . For iden-
t i c a l l a t t i c e parameters i n the two c r y s t a l s the (+-) p a r a l l e l 
s e t t i n g i s non-dispersive i n the sense t h a t at any angular 
s e t t i n g a l l wavelengths are d i f f r a c t e d . I f a s l i g h t d i f f e r -
ence i s made i n the l a t t i c e parameters, only a band of wave-
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leingth d i f f r a c t s at any one s e t t i n g and the angular s e n s i t i v -
i t y drops. However, Okazaki and Kawamlnaml (197^) using very 
high Bragg angles and white r a d i a t i o n could measure the l a t t -
i c e parameter of KNiF^ w i t h q u i t e a high p r e c i s i o n t o one part 
i n 10^ even when two d i f f e r e n t materials were used f o r the 
specimen and reference c r y s t a l s . 
2.9 X-Ray D i f f r a c t i o n Theories 
As seen i n the above sections, topographic techniques 
f o r studying defects i n nearly p e r f e c t c r y s t a l s have been 
developed and are being widely used. The p r i n c i p l e of "these 
techniques are based mainly on the d i f f e r e n c e i n the intens-
i t i e s of X-rays d i f f r a c t e d by deformed and perfect regions 
of the c r y s t a l . There are two main d i f f r a c t i o n theories f o r 
waves having very short wavelength, the approximate but widely 
used "Klnematlcal theory" and the more fundamental "dynamical 
theory". Batterman and Cole (1964) reviewed d e t a i l e d math-
ematical expositions of the.dynamical theory, Balchin and 
Whitehouse^lso give a b r i e f review, and Authier (1970) and 
Tanner (.1976) give the t h e o r e t i c a l basis necessary f o r i n t e r -
p r e t a t i o n of the contrast of defects on X-ray topographs. 
2.9.1 The Kinematical Theory 
The main assumption of the Kinematical or geometrical 
theory i s t h a t the amplitudes of a l l X-rays i n c i d e n t upon the 
d i f f r a c t i n g centres i n the c r y s t a l have the same value. Thus 
the i n t e r a c t i o n s between the i n c i d e n t and the r e f r a c t e d waves 
are neglected. The wavelength of X-rays i s also assumed to 
be imchanged as i t passes from vacuum i n t o the c r y s t a l . 
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For t h i n c r y s t a l s or c r y s t a l s c o n s t i t u t e d of small regions 
r e f l e c t i n g the i n c i d e n t beam independently, t h a t i s , the i d e a l l y 
imperfect c r y s t a l s , the geometrical theory, may be employed 
s a t i s f a c t o r i l y t o get inform a t i o n on the c r y s t a l s t r u c t u r e . 
However, f o r large s i n g l e c r y s t a l s which are also h i g h l y per-
f e c t , the amplitude of a d i f f r a c t e d wave becomes comparable 
w i t h t h a t of the i n c i d e n t beam. 
2.9.2 The Dynamical Theory 
The theory of dynamical d i f f r a c t i o n describes the i n t e r -
a c t i o n of electromagnetic waves w i t h a three dimensional 
array of e l e c t r o s t a t i c dipoles Ewald (I916, 1917) and l a t e r 
as a three dimensional d i s t r i b u t i o n of d i e l e c t r i c susceptib-
i l i t y , Laue (1931)' B a s i c a l l y , the problem i s t o solve 
Maxwell's equations f o r a medium w i t h periodic s u s c e p t i b i l i t y . 
One f i n d s t h a t s o l u t i o n s of the form 
D = exp iCOt £ D exp (-2111 K . r ) 2-1 
0 0 O 
s a t i s f y , provided t h a t the wavevectors are r e l a t e d by the 
Laue equation 
: Kg.= Ko + ^ 2-2 
where K I s the wave vector of a d i f f r a c t e d wave, in s i d e the -g 
c r y s t a l , and i s the vector of the f i e l d which i s closest 
to t h a t of the i n c i d e n t wave, and £ i s the r e c i p r o c a l l a t t i c e 
vector. We see from the equation (2-1) t h a t s o l u t i o n s D 
i n s i d e the c r y s t a l consist of a superposition of plane waves, 
the wave vectors of which are r e l a t e d by r e c i p r o c a l l a t t i c e 
t r a n s l a t i o n s . The superposition i s a "wave f i e l d " . These 
plane, waves have wave vectors derived from a single primary 
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wave K^. Expression (2-2) shows t h a t a l l the wave vectors 
of a given wave-field can also be deduced from one another 
by t r a n s l a t i o n s equal t o r e c i p r o c a l l a t t i c e vectors. I f 
we draw these wave vectors from the various r e c i p r o c a l l a t t -
i c e p o i n t s , we f i n d t h a t they define a common point P, c a l l e d 
" t l e - ^ p o i n t " , which characterizes the wave-field geometrically. 
F i g . ( 2 - 6 ) . 
0^ 
g 
H 
F i g . (2-6). Construction of the, t i e - p o i n t i n r e c i p r o c a l 
space. 
T h e o r e t i c a l l y , a wave-field i s c o n s t i t u t e d by an i n f i n i t e 
number of waves.. Usually i n the case of X-ray d i f f r a c t i o n only 
two waves have s i g n i f i c a n t amplitude: the in c i d e n t wave a f t e r 
r e f r a c t i o n and the Bragg r e f l e c t e d wave K^ . Then (neg-
l e c t i n g time dependence) 
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D = D exp (-2111 IC . r ) + D exp (-2111 K„.r) 2-3 o "-o g —g 
S u b s t i t u t i o n of t h i s equation i n t o Maxwell's equations 
and s o l v i n g f o r non-zero values of wave amplitudes, D^  and 
Dg,gives.a r e l a t i o n s h i p between and Kg i n r e c i p r o c a l space. 
This r e l a t i o n can be p l o t t e d g r a p h i c a l l y , and i s known as 
the d i s p e r s i o n surface. The dispersion surface represents 
the locus of a l l primary wave vectors which give r i s e to 
a d i f f r a c t e d beam K„ passing towards G under conditions 
—g 
which approximate to the Bragg c o n d i t i o n . Therefore the 
dis p e r s i o n surface i s the locus of the t i e - p o i n t P. The 
i n t e r s e c t i o n of the disp e r s i o n surface w i t h a plane passing 
through 0 and G i s a hyperbola. F i g . ( 2 - 7 ) , of which the 
asymptotes are the tangents to the c i r c l e s centred i n 0 and 
G r e s p e c t i v e l y and w i t h r a d i i 
X 
1 1 = k ( l + •^) = kn 2-4 
where k i s the vacuum wave vector, i s the d i e l e c t r i c 
s u s c e p t i b i l i t y and n the r e f r a c t i v e index. 
Far from a Bragg r e f l e c t i o n there i s only one wave 
e x c i t e d i n the c r y s t a l and the wave vectors l i e on spheres 
centred on 0 and G of r a d i i k ( l + - ^ ) . Close to Bragg 
r e f l e c t i o n , the c r y s t a l p o t e n t i a l r i s e s the degeneracy and 
the d i s p e r s i o n surface has two branches f o r each p o l a r i z a t -
i o n , corresponding t o Dg/D^ p o s i t i v e or negative ( i . e . the 
component plane waves e i t h e r i n phase or phase s h i f t e d byTl) 
FIG. ( 2 - 7 )y Construction of the dispersion surface 
(after Tanner 1976) 
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D i r e c t i o n s of the r e f r a c t e d and d i f f r a c t e d beams must 
s a t i s f y the boundary conditions at the surface of the c r y s t a l . 
The c o n t i n u i t y of the t a n g e n t i a l components of the wave vectors 
at the c r y s t a l surface i s the most important c o n d i t i o n . This 
i m p l i e s t h a t the ends of the i n c i d e n t wave vector, k., which 
ex c i t e s the r e f r a c t e d wave K must l i e on a normal to the 
—o 
c r y s t a l surface and t h i s i s shown f o r the two t i e points P 
and Q i n F i g . (2-7) ; k, w i l l i n general be di r e c t e d at or near 
the Laue p o i n t . The t i e points f o r K^ -j^  and K^ -j^  or K^ ^ 
w i l l then be at P and Q. The energy flow i s always per-
pendicular t o the d i s p e r s i o n surface. The wave vectors K^ -j^  
and then define two d i f f r a c t e d X-ray beams which f o l l o w 
separate paths through the c r y s t a l under Bragg d i f f r a c t i n g 
c o n d i t i o n s . ' When the beams reach the e x i t surface of the 
c r y s t a l , both waves are. decoupled g i v i n g r i s e t o an independ-
ent beam outside the c r y s t a l . Thus there are four'outgoing 
beams. ; This r e s u l t was f i r s t observed experimentally by 
Authier ( I 9 6 I ) and confirmed the physical r e a l i t y of wave-
f i e l d s . However, i t i s only under very special circumstances 
t h a t i t i s possible to describe the i n c i d e n t wave as a plane 
wave because the divergence of the i n c i d e n t beam i s u s u a l l y 
lar g e compared w i t h the p e r f e c t c r y s t a l r e f l e c t i n g range. 
I n the case of a sec t i o n topograph. Fig. ( 2 - 8 ) , the i n c i d e n t 
beam i s very divergent. A l l t i e points on the dispersion 
surface are exci t e d simultaneously and X-rays propagate along 
a l l possible paths. These paths f i l l the Borrmann t r i a n g l e 
ABC (Fig. 2 - 8 ) , so t h a t along any d i r e c t i o n two wavefields 
(one from branch 1 and the other from branch 2) propagate. 
The two wave f i e l d s have a constant phase d i f f e r e n c e between 
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them and so w i l l i n t e r f e r e . Along the base BC of the Borr-
mann t r i a n g l e , the phase d i f f e r e n c e between the a r r i v i n g 
wave f i e l d s d i f f e r s and section topograph Pendellbsung f r i n g e s 
can be obtained. These f r i n g e s were f i r s t observed by Kato 
and Lang (1959) and I n t e r p r e t e d by Kato (196I). The phase 
d i f f e r e n c e between the wavefields i s p r o p o r t i o n a l to the 
s t r u c t u r e f a c t o r . Kato ( I 9 6 9 ) , from section topograph 
pendellosung f r i n g e measurements i n wedge c r y s t a l , could 
measure the s t r u c t u r e f a c t o r w i t h high accuracy. 
2.10 Contrast of D i s l o c a t i o n s 
Authier (1967, 1970) characterized three types of images 
which c o n t r i b u t e t o the contrast of d i s l o c a t i o n : " d i r e c t " , 
"dynamical" and "intermediary". Fig. (2 -9 ) shows how these 
a r i s e . 
2.10.1 D i r e c t Image 
The d i s l o c a t i o n cuts the d i r e c t beam at D-j^ . The l a t t i c e 
planes are deformed i n the v i c i n i t y of the d i s l o c a t i o n . As 
the X-ray source i s polychromatic, some of the X-rays not 
d i f f r a c t e d by the p e r f e c t c r y s t a l are d i f f r a c t e d by the st r a i n e d 
region provided the e f f e c t i v e m i s o r i e n t a t i o n i s l a r g e r than 
A©i, the width of the r e f l e c t i n g range f o r the perfec t c r y s t a l 
2 
and less than the t o t a l divergence of the d i r e c t beam. Such 
a d i f f r a c t e d beam then can be received at i-j_.>on the photo-
graphic p l a t e . i-L>is the " d i r e c t image" and i s superposed 
on the d i f f r a c t e d beam by the perfec t c r y s t a l and has a dark 
contrast w i t h respect t o the background. The d i r e c t image 
can be said i n f i r s t approximation to be the image of a small 
imperfect c r y s t a l imbedded i n the d i r e c t beam. I n favourable 
/ / / / / 
///// ////< 
CRYSTAL 
FIG.(2 - 8) Propagation of wavefields in direct space 
FILM 
FIG.(2 - 9 ) Principle of dislocation image formation 
in transmission topographs, ij direct image; 
dynamic image; {3 intermediary image, 
(after Authier 1967) 
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circumstances such as, when £.b i s equal to two or more, or 
w i t h a high e x t i n c t i o n distance, d i s l o c a t i o n s can show double 
c o n t r a s t . Authier showed t h a t t h i s i s a general phenomenon, 
a r i s i n g as a consequence of the form of the d i s l o c a t i o n s t r a i n 
f i e l d . . Double contrast of d i s l o c a t i o n s has also been ob-
served in.synchrotron topographs of s i l i c o n and KCoF^ crys-
t a l s by Tanner, Mldgley and Safa (1977) and w i l l be shown i n 
the t h i r d Chapter. The d i s l o c a t i o n image width can be e s t i -
mated, Lang (1970). I n the case of a pure screw d i s l o c a t i o n 
f o r sll^b, the m i s o r i e n t a t i o n at a distance r from the core 
of the d i s l o c a t i o n i s 
The p e r f e c t c r y s t a l r e f l e c t i n g range f o r non-absorbing 
symmetrical Laue c o n d i t i o n i s given by 
e i = 2/g gg = 2 r ^ X^C(FgFg)VTlv^ Sin 2 9 2-5i> 
where gg i s the e x t i n c t i o n distance r e l a t e d to the s t r u c t u r e 
f a c t o r F„, r ^ i s the c l a s s i c a l e l e c t r o n radius, v i s the 
g e . c 
volume of the u n i t c e l l and C = 1 or Cos 2 9g for .cjorn; 
p o l a r i z a t i o n r e s p e c t i v e l y . Equating (2-5a) and (2-5t>), one 
obtains an estimate of the screw d i s l o c a t i o n image width 
V3 = 2r, 
Vg = t^/2K I £.b 2-6 
For an edge d i s l o c a t i o n , the image width i s given by 
V„ = 0.88 2 7 E TL ='g 
The value of X-ray e x t i n c t i o n distance depends on the wave-
le n g t h , and the geometry of the r e f l e c t i o n , and i s t y p i c a l l y 
tens of microns. Thus d i r e c t image widths of d i s l o c a t i o n s 
are g e n e r a l l y upwards of a few micrometers. Image widths 
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pr e d i c t e d by equations (2-6) and (2-7) agree q u i t e w e l l 
w i t h observations. Under low absorption conditions most 
of the d i s l o c a t i o n images on a p r o j e c t i o n topograph are d i r e c t 
images. 
Generally, a d i s l o c a t i o n i n a given Bragg r e f l e c t i o n i s 
i n v i s i b l e i f i t s displacement f i e l d has no component normal 
t o the Bragg plane used. I n other words, f o r i n v i s i b i l i t y 
of a d i s l o c a t i o n i t s e f f e c t i v e m l s o r l e n t a t i o n should be zero. 
From t h i s i t f o l l o w s t h a t f o r a pure screw d i s l o c a t i o n the 
e f f e c t i v e m i s o r i e n t a t i o n i s zero when £.b = 0 and f o r a pure 
edge d i s l o c a t i o n i t i s zero when both £.b = 0 and £.b. x .^ = 0, 
and thus i n r e f l e c t i o n s s a t i s f y i n g these conditions, the d i s -
l o c a t i o n i s i n v i s i b l e . Here £ i s the d i f f r a c t i o n vector, b 
i s the Burgers vector and i s the d i r e c t i o n of the d i s l o c a t i o n 
l i n e . I f we f i n d two r e f l e c t i o n s w i t h non-• p a r a l l e l - d i f f r a c t -
i n g vectors i n which the d i s l o c a t i o n i s i n v i s i b l e , the d i r e c t -
i o n of Burgers vector b can be determined unambiguously. Mixed 
d i s l o c a t i o n s can never completely disappear. 
2.10.2 Dynamical Images 
I n F i g . (2-9) on crossing the d i s l o c a t i o n wave f i e l d s 
propagating along AP w i l l e x c i t e wave f i e l d s propagating i n a 
p a r a l l e l d i r e c t i o n AM and new wave f i e l d s having a t i e - p o i n t 
on the other branch of the dispersion surface and propagating 
along PQ. Therefore only p a r t of the energy of the f i e l d s 
propagating along AP w i l l be foimd along AM. Also the path 
of wave f i e l d s passing through the less stra i n e d region f u r t h e r 
from the core are curved and therefore deviated from t h e i r 
o r i g i n a l d i r e c t i o n . The r e s u l t of both these e f f e c t s i s a ; 
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d e p l e t i o n i n the d i r e c t i o n APM of wave f i e l d s crossing a 
d i s l o c a t i o n , which gives r i s e to a l i g h t shadow at i p on the 
photographic p l a t e . The width of t h i s kind of image depends 
on the d i s l o c a t i o n depth and i t s p o s i t i o n r e l a t i v e t o the edges 
of the Borrmannfan. 
2.10.3 Intermediary Image 
Wave f i e l d s created by interbranch s c a t t e r i n g i n the 
more s t r a i n e d regions propagate along PQ g i v i n g r i s e to a 
t h i r d image, 1^, on the topograph which has been c a l l e d the 
"intermediary" image. As the new wavefields i n t e r f e r e w i t h 
the o r i g i n a l wavefields, the intermediary image shows an 
o s c i l l a t o r y c o n t r a s t . As the Borrmann fan i s f i l l e d w i t h 
wave f i e l d s propagating i n d i f f e r e n t d i r e c t i o n s , the dynamical 
and intermediary images have much poorer s p a t i a l r e s o l u t i o n 
than the d i r e c t .image . 
2.11 Domain Wall Observations 
The contrast of magnetic domain walls i n X-ray topography 
i s produced by the magnetostrictive deformation. The v i s i b i l -
i t y of magnetic domains on X-ray topographs cannot be explained 
by the d i r e c t i n t e r a c t i o n between the X-rays and the magnet-
i z a t i o n . 
Using the Berg-Barrett method and a double c r y s t a l d i f -
fractometer, Merz (I960) performed the pioneering observation 
of magnetic domains by X-ray topography. He took advantage 
of the h i g h value of magnetostriction of.Cobalt Zinc f e r r i t e 
and adjusted the c r y s t a l so t h a t the d i f f r a c t i o n c o n d i t i o n 
was s a t i s f i e d f o r some domains only. The image of these 
domains were recorded on the topographs. Polcarova and Lang 
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(1962), u s i n g t h e Lang t e c h n i q u e were a b l e to ob s e r v e t h e 
domain p a t t e r n s I n P e - S l w i t h good c o n t r a s t and r e s o l u t i o n . 
I r o n - s l l l c o n , h a s a p o s i t i v e m a g n e t o s t r i c t i o n c o n s t a n t \ . 
C o n l e q u e n t l y , t h e c r y s t a l l a t t i c e I s e l o n g a t e d I n the d i r e c t -
I o n o f m a g n e t i z a t i o n and s h o r t e n e d I n the d i r e c t i o n normal to 
I t . As t h e e a s y d i r e c t i o n s o f m a g n e t i z a t i o n a r e ^ 100^, a 
s m a l l ' t e t r a g o n a l d i s t o r t i o n w i t h the r a t i o 
c / a = l + ^ X = l + 2 x 10"^ 2-8 
o c c u r s I n the m a g n e t i z a t i o n d i r e c t i o n . The d i s t o r t i o n I s 
v e r y s m a l l , but l a r g e enough to I n f l u e n c e the X-ray w a v e f l e l d 
c r o s s i n g t h e domain w a l l s , and the c o n t r a s t of the 90° w a l l 
r e s u l t s . As t h e r e I s no m l s o r l e n t a t l o n between l80° domains, 
t h e y a r e n o t v i s i b l e on t h e topographs, but t h e i r p o s i t i o n 
c a n be de t e r m i n e d from t h e arrangement of the 90° domains. 
F i g . (2-10) shows a '^110) 90° w a l l , where the m a g n e t i z a t i o n 
M I s a l o n g .lOo] i n domain I , and i s a l o n g [.Olo] i n domain 
I I . E x p e r i m e n t s of P o l c a r o v a and K a c z e r (I967) and P o l c a r o v a 
(1969) have shown t h a t (110) 90° w a l l s a r e i n v i s i b l e i n r e -
f l e c t i o n s such t h a t , 
(Mg - M^). £ = AM . g = 0 2-9 
I . e . t h e w a l l s h a v i n g AM normal t o t h e d i f f r a c t i o n v e c t o r 
£ a r e n o t v i s i b l e on t h e topograph. P o l c a r o v a and Gemperlova 
(1969) s t u d i e d t h e c o n t r a s t o f domain w a l l s t h e o r e t i c a l l y . 
They c o n s i d e r e d t h e d i s t o r t i o n a t a 9.0° domain w a l l and showed 
t h a t i t was i d e n t i c a l t o a c o h e r e n t c r y s t a l l o g r a p h l c t w i n , 
p r o v i d e d t h a t t h e v ^ a l l t h i c k n e s s was n e g l e c t e d . The domain 
w a l l w i d t h s a r e u s u a l l y of t h e o r d e r o f hundreds of Angstroms 
and t h i s i s n e g l i g i b l e on the s c a l e of X- r a y e x t i n c t i o n d i s t -
a n c e s . T h i s c o h e r e n t t w i n model i s i n good agreement w i t h 
r 
F i g . ( 2 - 1 0 ) Model o f a f l a t 90° w a l l l y i n g i n the 
(110) p l a n e . 
'g=(Oll) 
(a), a =0 ( b ) , a = 0 
P i g . ( 2 - 1 1 ) Image of w a l l on p h o t o g r a p h i c f i l m F depending 
on r o t a t i o n of c r y s t a l C around g v e c t o r . 
• ( A f t e r P o l c a r o v a I 9 6 9 ) 
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e x p e r i m e n t a l o b s e r v a t i o n s . , A q u a n t i t a t i v e comparison between 
t h e c a l c u l a t e d and o b s e r v e d c o n t r a s t was performed by P o l c a r o v a 
and Lang ( I 9 6 8 ) f o r the s p e c i a l c a s e of 110 d i f f r a c t i o n on a 
(001). p l a t e of S i - F e c o n t a i n i n g domain w a l l s p a r a l l e l t o t h e . 
( l l o ) p l a n e s . I t was shown t h a t the w a l l a p p e a r s a s a dark 
band i f AM . £^0 , and a w h i t e one i f AM .£<0 . The w i d t h 
of the c o n t r a s t band i s not u s u a l l y r e l a t e d to t h e . i n t r i n s i c 
w a l l t h i c k n e s s , but i t depends on the t i l t of t h e sample about 
t h e d i f f r a c t i o n v e c t o r £. I f the (001). p l a t e of S i - F e i s 
r o t a t e d around t h e £ = 110J v e c t o r , t h e image of the {_llo] 
w a l l a p p e a r s a s a b r oad band, t h e w i d t h o f which i s t - S i n a , 
(X b e i n g t h e a n g l e of r o t a t i o n , and t i s the t h i c k n e s s of the 
sample. As s e e n i n Fig. ( 2 - 1 1 ) the image i s a f a i n t narrow 
l i n e f o r a = 0, but i t i n c r e a s e s w i t h i n c r e a s i n g ot independ-
e n t l y o f t h e s e n s e o f r o t a t i o n . P o l c a r o v a (1969) n o t i c e d 
t h a t t h e c o n t r a s t was a l s o dependent on the a b s o r p t i o n , i . e . 
on t h e v a l u e of | l t . (}1 i s the l i n e a r a b s o r p t i o n c o e f f i c i e n t ) 
and h e r r e c e n t c a l c u l a t i o n s based on the d y n a m i c a l t h e o r y o f 
d i f f r a c t i o n show t h e dependence of the c o n t r a s t on a b s o r p t i o n 
and a g r e e w i t h e x p e r i m e n t s , P o l c a r o v a (1973)' 
The o r i g i n o f t h e c o n t r a s t depends on the magnitude of 
t h e m a g n e t o s t r i c t i o n c o n t r a s t . F o r example i n the a n t i -
f e r r o m a g n e t i c c r y s t a l NiO, the m a g n e t o s t r i c t i o n i s l a r g e and 
changes t h e i n t e r a x i a l a n g l e s by s e v e r a l minutes of a r c . 
T h e r e f o r e o r i e n t a t i o n c o n t r a s t i s o b s e r v e d . U s i n g a s m a l l 
bea:m d i v e r g e n c e , o n l y one s e t of domains s a t i s f y t h e Bragg 
c o n d i t i o n a t once and, a n g u l a r m i s o r i e n t a t i o n between the 
domains c a n be measured from t h e r o c k i n g c u r v e s e p a r a t i o n . 
U s i n g t h e B e r g - B a r r e t t t e c h n i q u e , the a n g u l a r m i s o r i e n t a t i o n 
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o f domains i n NIO was measured by K r a n j c (I969), When 
t h e m a g n e t o s t r i c t i o n i s s m a l l , both domains d i f f r a c t s i m u l t -
a n e o u s l y and no o r i e n t a t i o n c o n t r a s t i s obs e r v e d . 
X - r a y topography i s a n o n - d e s t r u c t i v e t e c h n i q u e f o r 
r e p e a t e d o b s e r v a t i o n s of the. I n t e r n a l domain s t r u c t u r e s i n 
r e l a t i v e l y t h i c k n o n - t r a n s p a r e n t samples. T h i s t e c h n i q u e i s 
e x t r e m e l y u s e f u l f o r the s t u d y o f the f i n e s t r u c t u r e o f w a l l s 
I n s i d e t h e specimen, t h e e x a m i n a t i o n o f s t r e s s f i e l d s around 
domain w a l l s , and o b s e r v a t i o n of domain w a l l i n t e r a c t i o n s 
w i t h o t h e r d e f e c t s . 
As t h e r e i s no n e t m a g n e t i z a t i o n i n c l a s s i c a l a n t i f e r r o -
magnets, domains cannot be ob s e r v e d by t he B i t t e r c o l l o i d , 
F a r a d a y , o r K e r r t e c h n i q u e s . I n some t r a n s p a r e n t a n t l f e r r o -
magnets w i t h l a r g e b i r e f r i n g e n c e , e.g. NiO, the domains can 
be o b s e r v e d by o p t i c a l microscopy, but i n the c a s e o f KNIF^, 
t h e b i r e f r i n g e n c e i s e x t r e m e l y low and domains have not been 
o b s e r v e d c l e a r l y . Thus X - r a y topography i s the o n l y t e c h n i q u e 
s u i t a b l e f o r domain o b s e r v a t i o n i n some a n t i f e r r o m a g n e t s . 
[ x - r a y t o p o g r a p h i c o b s e r v a t i o n s of domain w a l l s i n NIO, CoO, 
C r , KCoF^ and K N I F ^ were r e v i e w e d i n s e c t i o n s (1-10) and 
(1-12) . ' 
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CHAPTER THREE 
X-RAY SYNCHROTRON TOPOGRAPHY 
3-1 S y n c h r o t r o n R a d i a t i o n 
An e l e c t r o n a c c e l e r a t e d i n a c i r c u l a r o r b i t i n a 
s y n c h r o t r o n or s t o r a g e r i n g e m i t s e l e c t r o m a g n e t i c r a d -
i a t i o n , w h i c h i n t h e v e r y h i g h l y r e l a t i v i s t i c l i m i t , i s 
s e e n i n the l a b o r a t o r y frame a s a narrow cone peaked i n 
the f o r w a r d d i r e c t i o n . The r a d i a t e d power i s p r o p o r t -
i o n a l t o the f o u r t h power of the e l e c t r o n energy. Syn-
c h r o t r o n r a d i a t i o n p r o v i d e s a v e r y i n t e n s e s o u r c e of 
e l e c t r o m a g n e t i c r a d i a t i o n f o r s o l i d s t a t e P h y s i c i s t s . 
The beam i s t o t a l l y p o l a r i z e d i n the o r b i t p l a n e f o r r a d -
i a t i o n e m i t t e d a l o n g t h e t a n g e n t t o the o r b i t . Because 
of b e t a t r o n o s c i l l a t i o n s , the r a d i a t i o n has a c o n t i n u o u s 
s p e c t r u m and e x t e n d s through the v i s i b l e and u l t r a v i o l e t 
t o t h e X - r a y r e g i o n . Due to the r e l a t i v i s t i c e f f e c t s , 
2 
t h e r a d i a t i o n i s c o n f i n e d i n t o an a n g l e c|jr.j"^o° > "1^ 0 
E 
b e i n g t h e r e s t mass of an e l e c t r o n and E i s the energy of 
the a c c e l e r a t e d e l e c t r o n . F i g . ( 3 - 1 ) shows the c a l c u l -
a t e d s y n c h r o t r o n r a d i a t i o n s p e c t r a f o r NINA, a t Daresbury, 
Poole (1975). As s e e n , f o r 5 Gev. e l e c t r o n s the h i g h e s t 
photon f l u x I s around l A and the c o r r e s p o n d i n g a n g u l a r 
-4 
d i v e r g e n c e I s about 10 r a d . 
3.2 S y n c h r o t r o n Topography 
I n S e c t i o n (2-4) i t was mentioned t h a t , G u i n i e r and 
T e n n e v i n (1949), and S c h u l z (195^) performed w h i t e X-ray 
d i f f r a c t i o n topography i n t h e t r a n s m i s s i o n and r e f l e c t i o n 
modes, b u t the r e s o l u t i o n o b t a i n e d was v e r y poor w i t h stand-
o c 0> 
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F i g * ( 3 - 1 ) S y n c h r o t r o n r a d i a t i o n s p e c t r a from NINA. 
Photons/s/mA beam/mrad h o r i z o n t a l l y w i t h i n 
a 0.1^ bandwidth. ( A f t e r Poole 1975) 
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a r d s o u r c e s . R e c e n t l y t h e . a v a i l a b i l i t y of s y n c h r o t r o n r a d -
i a t i o n i n t he X - r a y r e g i o n of t h e e l c t r o m a g n e t i c spectrum 
w i t h s m a l l a n g u l a r d i v e r g e n c e . ( ' ^ 10"^ r a d . ) and enormous 
i n t e n s i t y has r e v o l u t i o n i z e d X-ray topography. The t e c h n i q u e 
I 
i s e s s e n t i a l l y t h e same a s t h e G i l l n i e r and T e n n e v i n , o r S c h u l z 
methods. With c o n t i n u o u s r a d i a t i o n , e ach s e t o f c r y s t a l 
* p l a n e s can s e l e c t i t s own wavelength f o r a Bragg r e f l e c t i o n 
and, j u s t a s i n t h e w e l l known Laue t e c h n i q u e f o r c r y s t a l 
o r i e n t a t i o n , a p a t t e r n o f " s p o t s " i s o b t a i n e d . Due t o t h e 
r e l a t i v e l y wide beam no s c a n n i n g o f t h e c r y s t a l a c r o s s the 
beam i s r e q u i r e d , and each Laue spot becomes an image of the 
c r y s t a l . W i t h i n each image, c r y s t a l d e f e c t s a r e r e v e a l e d 
and e a c h s p o t p r o v i d e s a s much i n f o r m a t i o n a s a c o n v e n t i o n a l 
Lang topograpt;^, Tuomi e t a l . (1974). F i g . (3-2) shows the 
Laue p a t t e r n t a k e n w i t h s y n c h r o t r o n r a d i a t i o n of a Dy PO^ ^ 
c r y s t a l . E a c h image or topograph of t h i s c r y s t a l shows the 
d e f e c t s s u c h a s d i s l o c a t i o n s o r growth bands. Thus by t a k -
i n g one exposure, one i s a b l e t o a n a l y s e the d e f e c t s , u s i n g 
t h e c o n t r a s t i n t h e d i f f e r e n t r e f l e c t i o n s . As the i n t e n s i t y 
o f s y n c h r o t r o n r a d i a t i o n i s of t h e o r d e r o f 10-^  t i m e s h i g h e r 
t h a n t h e I n t e n s i t y coming out of a r o t a t i n g anode g e n e r a t o r , 
e x p o s u r e t i m e s a r e e x p e c t e d t o be of a few seconds. 
3.3 I n t e n s i t y and Image F o r m a t i o n 
C o n s i d e r i n g the e f f e c t o f the f o l l o w i n g f a c t o r s , 
( a ) t h e s t r u c t u r e f a c t o r '^^ikl' e f f e c t of n o n - i d e a l 
B r a g g c o n d i t i o n s , ( c ) the c o n t i n u o u s spectrum of r a d i a t i o n , 
( d ) t h e a b s o r p t i o n f a c t o r of the c r y s t a l , Tuomi e t al.(1974) 
c a l c u l a t e d t h e i n t e n s i t y of Laue r e f l e c t i o n s to be p r o p o r t -
i o n a l t o : 
4 
4 
I 
C P 
4 ? 
F i g . O-a) Lane p a t t e r n of a lyPOt e p y s t a l taken wl 
ehrotron radiation. l a e h "spot" I s a 
• of the e r y s t a l w i t h i n wMeh co n t r a s t f r o 
f e e t i o n s ean Be seen, 5 Gev, lOuA; 
I j j i IQflm Mslear e m i l s i o n . Os exposure, 
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where P(X) i s the r a d i a t e d . p o w e r per u n i t w a v e l e n g t h of 
the s o u r c e , F^^^^ i s the s t r u c t u r e f a c t o r of ( h k l ) d i f f r a c t -
i n g p l a n e s , \i the a b s o r p t i o n c o e f f i c i e n t of the c r y s t a l , and 
t t h e t h i c k n e s s o f t he c r y s t a l . Here anomalous t r a n s m i s s i o n 
i s n e g l e c t e d . Tuomi e t a l (1974) a l s o mentioned t h e e f f e c t s 
o f t h e p o l a r i z a t i o n o f s y n c h r o t r o n r a d i a t i o n and temper a t u r e 
on t h e i n t e n s i t y o f t h e d i f f r a c t e d beam. H a r t (1975) o b t a i n -
ed t h e same r e s u l t s a s (3-1) f o r the i n t e n s i t y of the d i f f r a c t -
ed beam, but he mentioned t h a t the a b s o r p t i o n of X - r a y s i n 
a i r and t he v a r i a t i o n o f t h e . f i l m s e n s i t i v i t y w i t h X - r a y wave-
l e n g t h a r e Important f a c t o r s which have been I g n o r e d by Tuomi 
e t a l . I n i n t e r p r e t i n g t h e image f e a t u r e s one must be aware 
t h a t d i f f e r e n t o r d e r s of r e f l e c t i o n a r e superimposed on the 
same topograph. As H a r t (1975) and Tuomi e t a l (1974) p o i n t 
out, t h e l o w e s t harmonic c o r r e s p o n d i n g to the l a r g e s t X 
s h o u l d be predominate but i t s i n t e n s i t y i s h e a v i l y reduced 
by a b s o r p t i o n . On the o t h e r hand h i g h e r harmonics formed 
w i t h a l m o s t unabsorbed h a r d r a d i a t i o n s have t h e i r c o n t r i b u t i o n 
r e d u c e d by t he l a c k of s e n s i t i v i t y of X- r a y e m u l s i o n s i n the 
s h o r t w a v e l e n g t h range. The optimum c o n d i t i o n i s to choose 
a d i f f r a c t i o n c o n d i t i o n , i n which the bul k of t he d i f f r a c t e d 
beam b e l o n g s to o n l y one o r d e r of r e f l e c t i o n , w i t h a s t r o n g 
i n t e n s i t y . 
3.4 R e s o l u t i o n 
I n s y n c h r o t r o n topography, u n l i k e c o n v e n t i o n a l X - r a y 
d i f f r a c t i o n topography vrith c h a r a c t e r i s t i c r a d i a t i o n t h e 
whole s o u r c e c o n t r i b u t e s to the i n t e n s i t y d i f f r a c t e d by each 
p o i n t i n the sample. T h e r e f o r e the s p a t i a l r e s o l u t i o n de-
pends upon the e f f e c t i v e s o u r c e s i z e . F o r d i s t a n c e from 
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s o u r c e t o t he c r y s t a l L, and the c r y s t a l to the p l a t e d i s t -
ance X , t h e h o r i z o n t a l and v e r t i c a l r e s o l u t i o n s a r e g i v e n 
by, • 
r = X ^ h - ^ L 
r = X ^ 
'^v ^ L: 
3-2 
where h and v a r e t h e h o r i z o n t a l and v e r t i c a l dimensions o f 
the s o u r c e . 
T a b l e (3-1) shows t h e r e l e v a n t q u a n t i t i e s f o r the DESY 
and NINA s y n c h r o t r o n f a c i l i t i e s 
S o u r c e Source dimensions (mm) L(m). x(m) r(jim) 
NINA h = V = 0.5 47 0.05 0.5 
. DESY 
h = 8 
V = 4 40 0.05 
r^=10 
^ = 5 
Tuomi e t a l . (1974), u s i n g t h e s y n c h r o t r o n r a d i a t i o n 
from DESY a t Hamburg o b t a i n e d L a u e - c a s e d i f f r a c t i o n topo-
graphs i n s i l i c o n w i t h r a t h e r poor r e s o l u t i o n . The poor 
r e s o l u t i o n of t h e i r topographs i s not o n l y due to the l a r g e 
s o u r c e s i z e o f DESY but i t may be a s c r i b e d p a r t l y to the use 
o f Kodak R f i l m r a t h e r t h a n n u c l e a r e m u l s i o n p l a t e s and p a r t l y 
t o t h e f a c t t h a t t h e d i f f r a c t e d beams d i d not p a s s n o r m a l l y 
t h r o u g h t h e f i l m . As i t was p o i n t e d out i n s e c t i o n (3-1)-
the h i g h o r d e r r e f l e c t i o n s may i n c e r t a i n c a s e s c o n t r i b u t e 
most o f t h e i n t e n s i t y i n t he image, a s was the c a s e of nnn 
r e f l e c t i o n s i n t h e topographs of Tuomi e t a l (1974). I n 
s e c t i o n (2-10) the w i d t h of pure edge and screw d i s l o c a t i o n s 
were e s t i m a t e d and g i v e n by e x p r e s s i o n s (2-6) and (2-7). 
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I n b oth c a s e s t h e w i d t h i s p r o p o r t i o n a l t o the e x t i n c t i o n 
• • . I. 
d i s t a n c e ^ . I f a s m a l l d i s l o c a t i o n image w i d t h i s d e s i r e d , 
the c o n d i t i o n s s h o u l d be chosen i n such a way t h a t h i g h o r d e r s 
o f r e f l e c t i o n s , which c o r r e s p o n d to s m a l l v a l u e s of wavelength 
a r e suppressed,, because h i g h o r d e r s u s u a l l y r e s u l t i n an 
i n c r e a s e d e x t i n c t i o n d i s t a n c e ^ . H a r t (1975) took g r e a t 
c a r e t o o b t a i n good r e s o l u t i o n by u s i n g I l f o r d n u c l e a r emul-
s i o n p l a t e s , p l a c i n g the p l a t e normal t o the r e q u i r e d d i f -
f r a c t e d beam, and s h i e l d i n g t h e p l a t e from the s c a t t e r e d 
r a d i a t i o n . He o b t a i n e d a r e s o l u t i o n of l-2JLLm on the r e -
f l e c t i o n topographs ( S c h u l z mode) of S i l i c o n and L I F . Tanner, 
Midgley and S a f a (1977) a v o i d i n g h i g h o r d e r r e f l e c t i o n s , and 
u s i n g .25 |im n u c l e a r e m u l s i o n s , o b t a i n e d t r a n s m i s s i o n syn-
c h r o t r o n topographs of S i l i c o n and KCoF^ w i t h h i g h r e s o l u t i o n 
comparable t o Lang topography. 
3.5 E x p e r i m e n t a l Arrangement 
The s y n c h r o t r o n r a d i a t i o n p r o p a g a t e s i n an e v a c u a t e d 
beam-pipe w i t h a b e r y l l i u m window a t the end, which i s t r a n s -
p a r e n t f o r X - r a y s . T h i s window i s 47m from the s o u r c e f o r 
the 5 Gev. e l e c t r o n s y n c h r o t r o n NINA a t Daresbury. The 
X - r a y beam'emerges from a h o l e t y p i c a l l y 5 nim i n d i a m e t e r 
d r i l l e d i n a lead b l o c k p l a c e d i n f r o n t of the b e r y l l i u m window 
of the beam l i n e . I t t h e n p a s s e s through a s l i g h t l y w i d e r 
a p e r t u r e i n a s t e e l p l a t e backed by aluminium which e f f e c t -
i v e l y a b s o r b s t h e s c a t t e r and f l u o r e s c e n c e from the l e a d 
c o l l i m a t o r . I t i s i m p o r t a n t t h a t t h i s s c a t t e r s h i e l d does 
not c u t I n t o the main beam d e f i n e d by t h e l e a d a p e r t u r e 
o t h e r w i s e s e v e r e s c a t t e r i n g and f l u o r e s c e n c e i s e x p e r i e n c e d 
from the s c a t t e r s h i e l d I t s e l f , Tanner, Midgley and S a f a (1977). 
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The e x p e r i m e n t a l arrangement f o r s y n c h r o t r o n topo-
graphy i s v e r y s i m p l e . Due t o the almost complete p o l a r -
i z a t i o n o f t h e beam, t h e i n c i d e n t p l a n e i s chosen t o be 
v e r t i c a l i n o r d e r to maximize i n t e n s i t y . C o n s e q u e n t l y 
r o t a t i o n o f t h e specimen about a h o r i z o n t a l a x i s normal to 
the beam i s s u f f i c i e n t to o r i e n t the c r y s t a l to the d e s i r e d 
Bragg r e f l e c t i n g p l a n e s . The l a s e r beam which has been 
p r e v i o u s l y a l i g n e d w i t h f i x e d f i l m exposed to the r a d i a t i o n 
i s an e x t r e m e l y u s e f u l guide f o r the e x a c t p o s i t i o n o f t h e 
s y n c h r o t r o n r a d i a t i o n . The specimen c a n be mounted on a 
s t a n d a r d X - r a y goniometer or on a s i m p l e h o l d e r which can 
r o t a t e about a h o r i z o n t a l a x i s . Then the specimen can be 
a l i g n e d i n t h e l a s e r beam marking the p a t h of the X- r a y beam. 
C o n v e n i e n t l y , t h e specimen o r i e n t a t i o n c o u l d a l s o be d e t e r -
mined and a d j u s t e d by o b s e r v i n g the p o s i t i o n of the r e f l e c t e d 
beam. G r e a t c a r e s h o u l d be t a k e n t h a t the p h o t o g r a p h i c 
n u c l e a r e m u l s i o n p l a t e i s p l a c e d normal t o t he d e s i r e d d i f -
f r a c t e d beam, and f o r s y m m e t r i c a l r e f l e c t i o n s t h i s can be 
e a s i l y done b y . p l a c i n g t h e p l a t e normal to the r e f l e c t e d 
l a s e r beam. F o r a l l t h e s y n c h r o t r o n t o p o g r a p h i c e x p e r i m e n t s 
which w i l l be p r e s e n t e d i n t h i s t h e s i s , I l f o r d L^^, 25|im t h i c k 
e m u l s i o n s were us e d and p r o c e s s e d a t reduced t e m p e r a t u r e i n -
s i d e a domestic r e f r i g e r a t o r . The advantages of s y n c h r o t r o n 
topography c a n be summarized a s f o l l o w s : 
1 - Marked r e d u c t i o n i n exposure time f o r a s e t of topographs. 
T h i s r e d u c t i o n i n exposure time i s two t o t h r e e o r d e r s of 
magnitude compared w i t h the Lang t e c h n i q u e . S e v e r a l 
u s a b l e topographs a r e o b t a i n e d i n one exposure. 
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2 - A c h i e v i n g a r e s o l u t i o n o f l-2|j,m when t h e specimen t o 
p l a t e d i s t a n c e i s 10-20 cm. 
3 - U n l i k e the Lang t e c h n i q u e no c r i t i c a l a d j u s t m e n t and 
a c c u r a t e l y machined t r a v e r s i n g p a r t s a r e needed. 
T h e s e e x t r e m e l y u s e f u l f e a t u r e s of s y n c h r o t r o n topo-
graphy p r o v e d t h a t many s t e p - b y - s t e p e x p e r i m e n t s c o u l d be 
performed s u c c e s s f u l l y . F o r example Bo r d a s , G l a z e r and 
Hauser (1975) demonstrated t h e f e a s i b i l i t y of f o l l o w i n g phase 
t r a n s i t i o n s i n Ba T i 0^. At t h i s time t h e a u t h o r was v e r y 
i n t e r e s t e d i n s t u d y i n g the b e h a v i o u r of a n t i f e r r o m a g n e t i c 
domain w a l l s i n KNiF.^ and KCoF^ i n magnetic f i e l d s . However, 
be c a u s e o f the g e o m e t r i c a l l i m i t a t i o n s of the Lang t e c h n i q u e , 
i t was p r a c t i c a l l y I m p o s s i b l e t o d e s i g n an e l e c t r o m a g n e t and 
a c r y o s t a t c a p a b l e of f u l f i l l i n g the r e q u i r e m e n t s . By a p p l y -
i n g t h e newly de v e l o p e d s y n c h r o t r o n topography t e c h n i q u e , 
the s t e p - b y - s t e p domain w a l l motion i n K N I F ^ was o b s e r v e d by 
T a n n e r , S a f a , Midgley, and B o r d a s (1976), and s i n c e t h e n t h e 
a u t h o r h a s become i n v o l v e d i n s y n c h r o t r o n t o p o g r a p h i c exper-
i m e n t s , p a r t i c u l a r l y , s t u d y i n g c o n t r o l l e d domain w a l l motion 
i n KCoP^ and K N I F ^ a t t e m p e r a t u r e s from 4.2°K upwards and i n 
f i e l d s up t o 14 KOe. C r y o g e n i c X - r a y topography u s i n g s y n -
c h r o t r o n r a d i a t i o n w i l l be d i s c u s s e d i n d e t a i l i n C h a p t e r F i v e . 
3.6 C o n t r a s t i n S y n c h r o t r o n Topographs 
T a n n e r , Midgley and S a f a (1977) o b s e r v e d t h a t t h e d i s -
l o c a t i o n images i n t h e s y n c h r o t r o n topograph of s i l i c o n wedge 
specimen t a k e n w i t h 5 cm specimen to p l a t e d i s t a n c e show both 
d i r e c t and d y n a m i c a l images, and s e v e r a l of the d i r e c t images 
show double c o n t r a s t . F u r t h e r , the d i s l o c a t i o n image w i d t h s 
were v e r y s i m i l a r t o t h o s e o f Lang topographs, the n a r r o w e s t 
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image we c o u l d measure b e i n g 8(im, i n w i d t h , from a 220 r e -
f l e c t i o n . The c o n t r i b u t i o n of any o t h e r h i g h e r o r d e r d i f -
f r a c t i o n was v e r y s m a l l . The I n t e n s i t i e s i n t r a n s m i s s i o n 
o f t h e beams d i f f r a c t e d from the jioo"^ p l a n e s of KNIF^ c r y s -
t a l s w i t h 200 flm t h i c k n e s s a r e c a l c u l a t e d a s a f u n c t i o n of 
Bragg a i i g l e , a t 5 Gev. e l e c t r o n energy and a r e p r e s e n t e d i n 
F i g - ( 3 - 3 ) . F o r t h e s e c a l c u l a t i o n s , t h e e x p r e s s i o n f o r the 
i n t e n s i t y g i v e n by Tuomi e t a l (1974) w i t h an a d d i t i o n a l 
f a c t o r f o r f i l m s e n s i t i v i t y from H a r t (1975) were used. The 
s t r u c t u r e f a c t o r s of KCoF^ and KNIF^ f o r d i f f e r e n t d i f f r a c t -
i n g p l a n e s were c a l c u l a t e d and w i l l be p r e s e n t e d i n the 
Appendix 1. The v a l u e s of P(X) f o r X - r a y s y n c h r o t r o n r a d -
i a t i o n a t NINA can be o b t a i n e d f r o m . F i g . ( 3 - 1 ) . Pig.(3-4a) 
shows a 002 Lang t r a n s m i s s i o n topograph of a 200 pirn t h i c k 
(100) p l a t e of KCoF-^ c r y s t a l , t a k e n w i t h AgKOt r a d i a t i o n 
( X= O.56A. ) . F i g . (3-4b) i s a s y n c h r o t r o n t r a n s m i s s i o n 
topograph of the same c r y s t a l ; where the r e f l e c t i n g p l a n e s 
a r e o f |ool t y p e w i t h the Bragg, a n g l e 0 = 7°, and w i t h a 
s p e c i m e n t o f i l m d i s t a n c e o f 10 cm. I n t h i s c a s e , a c c o r d i n g 
t o t h e i n t e n s i t y c a l c u l a t i o n s , t h e b a s i c d i f f r a c t e d beam comes 
from t h e (002) p l a n e s and the b u l k of the i n t e n s i t y a r i s e s 
from X - r a y s of w a v e l e n g t h 0.5A. As s e e n i n F i g . (3-4a) and 
F i g . (3-4b), the c o n t r a s t and t h e r e s o l u t i o n i s v e r y s i m i l a r 
i n Lang and s y n c h r o t r o n topographs. On a s y n c h r o t r o n topo-
graph, c r y s t a l d e f e c t s can be o b s e r v e d both by e x t i n c t i o n and 
o r i e n t a t i o n c o n t r a s t . O r i e n t a t i o n c o n t r a s t i s not u s u a l l y 
o b s e r v e d i n the Lang t e c h n i q u e , which u s e s a c o l l l m a t e d c h a r -
a c t e r i s t i c r a d i a t i o n , and t h e specimen and p l a t e a r e c l o s e 
t o g e t h e r . I t i s p a r t i c u l a r l y i m p o r t a n t i n s y n c h r o t r o n topo-
g r a p h s o f c r y s t a l s c o n t a i n i n g d i s l o c a t i o n s , s u b g r a l n s , t w i n s 
100 
10 
TG0,0.7A 
0 3° 5*= 
207o100,MA 
.807o 20Q0-55 A 
^-200,07 A 
907o,200,lA 
707o 400,07 A 
3C7o600,0-45A 
00, 0.42'A 
I I..- I I i 1 
8° 10" 15" 20" 
Bragg angle (degress) 
Pig-(3-3) I n t e n s i t i e s i n t r a n s m i s s i o n of the beams d i f f -
r a c t e d from [lOo} p l a n e s of KNiP^ a s a f u n c t i o n 
o f the Bragg a n g l e , u s i n g s y n c h r o t r o n r a d i a t i o n 
a t 5 Gev. e l e c t r o n energy. 
I 
F i g . ( 3 - 4 ) T r a n s m i s s i o n topographs o f a 200jlra t h i c k (100) 
p l a t e o f KCoF^ c r y s t a l . ( a ) Lang topograph, 
002 r e f l e c t i o n , AgKa^ ^ r a d i a t i o n (X=0.56A), 3h 
e x p o s u r e . ( b ) S y n c h r o t r o n topograph, mainly 
002 r e f l e c t i o n , 9T,=7°* 5 Gev, 10mA, 20s exposure, 
a 
L^^ 25pjn n u c l e a r e m u l s i o n . 
57 
and magnetic domains. I n the case of o r i e n t a t i o n c o n t r a s t , 
s p a t i a l overlap.or separation of the d i f f r a c t e d beam from the 
misoriented regions of the c r y s t a l varies w i t h distance, 
t h e r e f o r e the o r i e n t a t i o n contrast changes f o r d i f f e r e n t spec-
imen to p l a t e distances. This I s i l l u s t r a t e d i n Fig.(3-5) 
f o r a d i s l o c a t i o n . The mixture of e x t i n c t i o n and o r i e n t a t i o n 
c o n t r a s t observed from defects when using synchrotron r a d i a t -
i o n can lead to d i f f i c u l t i e s i n i n t e r p r e t a t i o n . Generally 
d i s l o c a t i o n images i n synchrotron topographs are broadened 
by o r i e n t a t i o n contrast and i n d i s l o c a t i o n s e x h i b i t i n g double 
c o n t r a s t , the o r i e n t a t i o n can be seen c l e a r l y . Pig.(3-6a) 
and Fig.(3-6b) are the enlargements of a part of the 002 
synchrotron topographs of KCoP^ (Fig.3-4b) which were taken 
under i d e n t i c a l c o n d i t i o n s , except t h a t the specimen to f i l m 
distances were 10 cm and 20 cm r e s p e c t i v e l y . As seen the 
separation of the maxima i n the bimodal p r o f i l e s of the p a i r 
of mixed o r i e n t a t i o n d i s l o c a t i o n s i n KCoF^ increases as the 
specimen t o f i l m distance increases. The o r i e n t a t i o n con-
t r a s t enables the sense of the Burgers vector to be determined. 
I n t h i s case! the "intermediary image" formed by new wave-
f i e l d s created beneath the d i s l o c a t i o n l i n e , i s important, as 
the i n t e n s i t y p r o f i l e of d i s l o c a t i o n s i s not symmetrical. 
Thus a l l three types of images found i n Lang topographs are 
present i n synchrotron topographs. 
Streaking of images i s a common feature of synchrotron 
topographs. Using continuous synchrotron r a d i a t i o n , i n a 
continuously bent l a t t i c e each point selects i t s own wave-
le n g t h f o r . d i f f r a c t i o n and hence the Bragg angle varies con-
t i n u o u s l y . Due t o the large specimen to p l a t e distance, the 
F i g * ( ^ - 5 ) Schematic diagram of the formation of the 
bimodal d i r e c t Image. 
Fig*(3-6) I n c r e a s e i n separation of maxima i n bimodal pro-
f i l e s of two d i s l o c a t i o n s i n KCoP^. Specimen 
to p l a t e d i s t a n c e (a) 10 cm, (b) 20,cm. 7° 
Bragg angle, mainly 002 r e f l e c t i o n . 5 Gev, 
10mA, 20s exposure. L4, 25|j^mnuclear emulsion. 
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image i s smeared out across the f i l m . The streaking i s 
always i n the plane of incidence, i . e . perpendicular t o the 
Brafeg planes. This e f f e c t can be seen i n Fig.(3^7) which 
i s a synchrotron topograph of a rectangular c r y s t a l of KCoF^ 
mounted at a corner C w i t h r a t h e r a l o t of varnish. Because 
of the glue the l a t t i c e planes at t h i s corner bent and caused 
a large " t a i l " t o develop .in the image.. Similar streaking 
i s observed at the damaged edges of the specimen> e.g. at E. 
The d i r e c t i o n of the s t r e a k i n g enables the sense of the 
l a t t i c e plane curvature to be determined by inspection. 
Provided the specimen t o p l a t e distance i s known, the length 
of the streak enables the magnitude of the curvature to be 
estimated. 
Fig.(3-7) Synchrotron transmission topograph of a KCoF^ 
c r y s t a l bent at one corner. [OlO} r e f l e c t i n g 
planes, 5° Bragg angle, 5 Gev, 10mA. 30s 
exposure, L4 25jim nuclear emulsion. 
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CHAPTER FOUR 
. PERFECTION STUDIES OP KMF^ (M = Ni , Co, Fe) CRYSTALS 
GROWN FROM THE FLUX 
,4.1 C r y s t a l Growth 
The c r y s t a l s were grown from the f l u x and k i n d l y pro-
vided by Mrs. B. W. Wanklyn and Dr. B. J. Garrard at Clar-
endon Laboratory, Oxford U n i v e r s i t y , and f u l l d e t a i l s of 
the f l u x growth of KMP^ c r y s t a l s have been reported by 
Wanklyn et a l . (I969, 1975) and Garrard et a l . (1974,1975). 
I n the e a r l i e r work, KMF^ c r y s t a l s were grown from a mixt-
ure of MPg and KCl, which r e s u l t e d also i n c r y s t a l s of MFg. 
A great degree of int e r g r o w t h took place which caused s t r a i n 
and deformation of. the c r y s t a l . Later, b e t t e r q u a l i t y KMF^ 
was obtained from compositions i n the three-component systems 
MFg - KF-Pb Clg, and - KP - KCl., from both of which i t 
was possible t o obtain KMF^ i n the absence of MFg. The 
i n i t i a l mixture was heated f a i r l y r a p i d l y at 100 to 200 Kh"'^  
to a temperature 50° t o 80°C above the estimated l i q u l d u s . 
A f t e r m e l t i n g , w i t h a minimum r a t e of 2 t o 4 Kh""^  the temper-
ature o f . t h e furnace was decreased. I f the r a t e of cooling 
was very slow, appreciable o x i d a t i o n could occur. Also i t 
should be mentioned t h a t the increase i n the r a t e of growth 
could r e s u l t I n poor o p t i c a l q u a l i t y when the c r y s t a l s were 
l a r g e , or i n the production of many small c r y s t a l s . There-
f o r e when growth takes place i n a i r , a balance has t o be 
struc k between a de s i r a b l y slow growth r a t e and contamination 
of the melt by h y d r o l y s i s or ox i d a t i o n during growth. Within 
these l i m i t a t i o n s , one i n three batches of KNIF-^ produced good 
60 
c r y s t a l s ; w i t h KCoF^ o x i d a t i o n occurred more r a p i d l y , and 
w i t h KFeF^, the c r y s t a l s were dark brown or black when grown 
i n a i r . To avoid o x i d a t i o n , growth was c a r r i e d out under 
Ng* using Mo c r u c i b l e s w i t h Mo or graphite l i d s since p l a t i -
num i s not an appropriate c r u c i b l e m a t e r i a l imder these con-
d i t i o n s , Garrard et al.(197^, 1975). The c r y s t a l s grew 
f i r m l y attached t o the c r u c i b l e w a l l or base, and had to 
be separated mechanically and f i n a l l y cleaned i n d i l u t e 
HNO^ when (KF + Pb Cl^) was used as f l u x , whereas (KF + KCl) 
dissolved i n water. Transparent c r y s t a l s were selected f o r 
examination w i t h the p o l a r i z i n g microscope. Under immersion 
o i l , the c r y s t a l s i n v a r i a b l y showed s t r a i n ; some which had 
only a small area attached t o the c r u c i b l e w a l l , showed 
s t r a i n only at those edges. The surface of the c r y s t a l s 
was somewhat rough w i t h many etch pits.- Those provided 
f o r topographic assessment were the best i n these respects 
and o p t i c a l examination showed no spe c i a l d i f f e r e n c e between 
them. The furnace programme, and s t a r t i n g compositions 
which produced the c r y s t a l s used f o r topographic assessment, 
were k i n d l y provided by Mrs. Wanklyn and are l i s t e d i n 
Table (4-1). The topographic r e s u l t s of d i f f e r e n t batches 
are also shown i n Table (4-1). 
4.2 Preparation of Specimens f o r X-ray Topography 
The. as-grown cubic c r y s t a l s were u s u a l l y a few mm 
on edge. F i g . ( 4 - l a ) shows an as-grown c r y s t a l of KNiF^. As 
the absorption of X-rays i n the c r y s t a l i s considerable, 
and p r e f e r a b l y X-ray topographic studies should be performed 
when ]lt<^l ( | i i s the absorption c o e f f i c i e n t , and t i s the 
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P i g . ( 4 - l b ) Photograph of an as grovm c r y s t a l of KCoP^, 
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thickness of the specimen), t h i n plates of c r y s t a l s should 
be prepared. The values of absorption c o e f f i c i e n t of KNiF^, 
f o r Mo KOC^ , and Ag Ka_j^  r a d i a t i o n are given i n Table (4-2) and 
as seen f o r a 200 (xm t h i c k KNiF^ sample the values of [ j t 
can j u s t f u l f i l X-ray topographic requirements f o r the " t h i n 
c r y s t a l " case 
TABLE 4-2 
The absorption c o e f f i c i e n t s of KNIF^ 
Radiation ' X(A) |-L(cm"-^ ) t(cm) lit 
Mo KOCj_ ; .0.5608 91 0.02 1.8 
Ag Ka^ L 0.7107 47 . 0.02 0.94 
Thin p l a t e s , approximately 200 [im t h i c k were prepared 
by mechanical g r i n d i n g on s i l i c o n carbide paper. As the 
c r y s t a l s are, f r a g i l e and usually break e a s i l y along ^100)> 
d i r e c t i o n s , one should be extremely c a r e f u l and p a t i e n t 
during the g r i n d i n g . Because of t h i s , i t was very d i f f i c u l t 
t o g r i n d the c r y s t a l s down t o a thickness less than 200 (j,m. 
Then the polished specimens were etched i n HF extensively. 
Such a procedure l e f t a somewhat i r r e g u l a r surface but one 
which was, i n the main, free from s t r a i n . Fig. (4 -2) i s an 
o p t i c a l micrograph of a 200|J.m t h i c k o r i e n t e d p l a t e of KNiF^ 
c r y s t a l from batch I , which was prepared by g r i n d i n g and ex-
t e n s i v e l y etched i n HF. As seen, the surface i s covered 
w i t h many etch p i t s . HF attacks KFeP^ and KCoP^ q u i c k l y 
and etching periods were about one hour, whereas i n the case 
of KNiF^ at le a s t an etching period of one week was required 
to get r i d of surface s t r a i n and scratches introduced by 
p o l i s h i n g ! 
imm 
F i g . ( 4 - 2 ) O p t i c a l micrograph of KNiF^ c r y s t a l from 
batch I showing w e l l developed etch p i t s , P. 
Transmitted l i g h t . (100) oriented p l a t e . 
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4.3 Choice of the Geometry of the D i f f r a c t i n g Planes 
The e x t i n c t i o n distances of KNIF, and KCoP, f o r d l f f e r -
ent d i f f r a c t i o n vectors £ were cal c u l a t e d and are presented 
i n Table 1 of Appendix I . This t a b l e shows t h a t not only 
some of the r e f l e c t i n g planes such as.^Oojhave small s t r u c t -
ure f a c t o r s and are not favourable r e f l e c t i o n s from the view-
p o i n t of i n t e n s i t y but t h e i r e x t i n c t i o n distances are also 
long and th e r e f o r e very wide d i s l o c a t i o n Images r e s u l t . As 
seen i n the same t a b l e the 200 r e f l e c t i o n i s an i d e a l one 
f o r X-ray topographic studies of the KMP^ system. I n t h i s 
case the d i f f r a c t i o n i s strong ( r e l a t i v e l y high s t r u c t u r e 
f a c t o r ) , and d i s l o c a t i o n s resolve w e l l (low e x t i n c t i o n d i s t -
ance). For example the e x t i n c t i o n distance of KNlF^ 200 
r e f l e c t i o n MoKGtj^  r a d i a t i o n , i s ^ goS 20.5 |im, and using the 
expressions (2-6) and (2-7) , the Image widths of screw and. 
edge d i s l o c a t i o n s are 6.5 [ini, and 11.4p,m re s p e c t i v e l y . I n 
most of the Lang topographic experiments of the present work, 
200 r e f l e c t i o n s using MoKa-j^  or AgKOC^^ r a d i a t i o n s have been 
studied , and the Images were recorded on I l f o r d L^ i^  Nuclear 
Emulsion of thickness 50 [Xm. 
4.4 X-Ray Topographic Observations of KNlF^ 
Pig. (4 -3 ) shows the X-ray topograph of the same c r y s t a l 
as shown, i n Pig. ( 4 - 2 ) . As seen i n Fig. (4 -3 ) there i s a d i s -
l o c a t i o n L l i n k i n g two w e l l developed etch p i t s at P and Q. 
This d i s l o c a t i o n completely disappears i n the O i l r e f l e c t i o n 
and i t i s concluded t h a t i t i s of mixed character, having a 
large edge component. According to the Burgers vector anal-
y s i s of mixed d i s l o c a t i o n s i n KNIF^ and KCoP^ which w i l l be 
1 
Pig.(4-3) X-ray topograph of the same c r y s t a l . 
020 r e f l e c t i o n MoYCL-^ r a d i a t i o n . (it=1.8, 
L4, 50|ULm nucl e a r emulsion. 
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discussed i n section (4-7) the l i n e d i r e c t i o n of t h i s d i s -
l o c a t i o n i s consistent w i t h a BurgSrs vector { [ O l l j • I t 
seems t h a t the bundle of d i s l o c a t i o n s marked D i n Fig. ( 4 - 3 ) , 
was generated by p l a s t i c deformation and i t was not possible 
t o determine the Burgers vector. The p o s i t i o n of etch p i t s 
i n Fig. (4^2) and Fig. (4 -3 ) shows t h a t only some of the etch 
p i t s l i k e P and Q correspond to d i s l o c a t i o n out-crops. The 
large etdh p i t P has developed t o such an extent t h a t a hole 
has been pimched r i g h t through the specimen. Pendellosimg 
f r i n g e s are u s u a l l y seen i n h i g h l y p e r f e c t c r y s t a l s and t h e i r 
presence on the s l o p i n g sides of the etch p i t s and at the 
t a p e r i n g edge of the c r y s t a l I s i n t e r e s t i n g as i t i n d i c -
ates high l a t t i c e p e r f e c t i o n . 
The growth h i s t o r y of c r y s t a l s can be studied by X-ray 
topography, and growth band studies are v a l i B . b l e i n t r a c i n g 
the morphology of the c r y s t a l throughout i t s growth h i s t o r y . 
The growth bands seen i n X-ray topographs a r i s e from f l u c t -
u a t i o n I n the l a t t i c e parameter during c r y s t a l growth. Such 
changes may be produced during growth by v a r i a t i o n s i n temp-
erature which r e s u l t i n changes i n the p a t t e r n of convective 
flo w i n the melt adjacent to the c r y s t a l surface. This r e -
s u l t s i n very small changes i n composition i n the deposited 
la y e r s of the c r y s t a l probably w i t h ions of the f l u x i n c o r -
porated s u b s t i t u t l o n a l l y i n the l a t t i c e . The c r y s t a l shown 
I n Figs. ( 4 - 2 ) and (4-3) e x h i b i t s r e l a t i v e l y weak growth 
s t r l a t i o n s , i n d i c a t i n g t h a t growth was q u i t e uniform. I n 
a l l c r y s t a l s examined, the growth bands were p a r a l l e l t o 
<^10q/> d i r e c t i o n s , though i n Fig. (4 -3 ) the growth bands are 
not p e r f e c t l y s t r a i g h t . This shows t h a t the growth face 
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was not exa c t l y planar throughout the growth h i s t o r y . The 
topographs do not, however, give any i n d i c a t i o n as to the 
cause of t h i s stepped growth. I t seems t h a t most of the 
other features correspond t o mechanical damage introduced 
i n t o the surface by handling. The f a i n t wavy l i n e s i n the 
region X correspond t o steps on the specimen surface. This 
p a r t i c u l a r c r y s t a l was the most h i g h l y p e r f e c t specimen found 
from batch I and has been used extensively f o r antiferromag-
netic domain studies. The high p e r f e c t i o n has enabled a n t i -
ferromagnetic domain w a l l motion i n magnetic f i e l d s up to 
13K0e a t low temperatures down t o 4.2 K. 
While batch I was of c l e a r l y superior q u a l i t y to other 
batches. I t would be i n c o r r e c t to present the impression t h a t 
a l l c r y s t a l s i n batch I were of comparable p e r f e c t i o n to t h a t 
shown i n Figs.(4-2) and (4-3). I n most c r y s t a l s , the growth 
bands were much more pronounced, i n d i c a t i n g t h a t the l a t t i c e 
parameter v a r i a t i o n s w i t h i n the c r y s t a l were much l a r g e r . 
An example of a st r o n g l y banded c r y s t a l from batch I 
i s given i n Fig.(4-4). Again the surface of the specimen 
was very rough and some etch p i t s have developed r i g h t through 
the specimen. Aroiond them, and the specimen edges, 
Pendell.osung f r i n g e s are observed d e l i n e a t i n g contours of 
equal thickness. The c r y s t a l was of cubic h a b i t , of side 
4 mm, and from the growth band observations one can conclude 
t h a t a t a l l times growth occurred at the equal speeds on 
the 100 . faces. Nucleation occurred i n the top r i g h t 
hand corner. As expected, the growth bands became i n v i s -
i b l e when,£.f = o, f being a vector normal to the growth face. 
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Contrast a r i s e s from the boundary between the two growth 
s e c t o r s A and B observed i n Figs. ( 4 - 4 b)and (4-4c) but not i n 
P i g . (4-4a). The s t r a i g h t n e s s of the growth sector boundary 
i s a good measure of the v a r i a t i o n I n growth v e l o c i t y i n the 
two s e c t o r s . When the d i f f r a c t i o n vector i s p a r a l l e l to 
the growth s e c t o r boundary, no contrast i s observed from i t , 
and t h i s i s i n agreement with the model of the l a t t i c e d i s -
t o r t i o n s at a growth s e c t o r boundary proposed by Bonse (l965) 
and Plshman and Lutsau (1970). While Parpla (1976) has 
proposed a model to account for the sec t o r boundary contrast 
I n s y n t h e t i c quartz, with the present observations one can 
not determine whether Parpla's model i s ap p l i c a b l e here. 
As I s evident i n Fig. ( 4 - 4 ) , the d i s l o c a t i o n density I s 
low and three types of d i s l o c a t i o n s were i d e n t i f i e d . Dis-
l o c a t i o n s D^, form a p a i r running normal to the growth face 
i n s e c t o r B. They are i n v i s i b l e I n the 020 r e f l e c t i o n 
(Flg , ( 4 - 4 c ) and a l s o i n the 110 r e f l e c t i o n (not shown). The 
Burgers vector I s therefore p a r a l l e l to [OOl] and as the 
s h o r t e s t l a t t i c e t r a n s l a t i o n i n t h i s d i r e c t i o n I n the perov-
s k l t e s t r u c t u r e i s [OOlJ , therefore f o r these d i s l o c a t i o n s 
b = - Cool] . They are therefore pure screw d i s l o c a t i o n s 
and as seen they e x h i b i t some wavlness, which can be a t t r i b -
uted to climb occurring while the c r y s t a l was at elevated 
temperature. The d i s l o c a t i o n s Dg a l s o run normal to the 
growth f r o n t and are a l s o i n v i s i b l e i n the 020 r e f l e c t i o n 
Plg . ( 4 - 4 c ) and 110 r e f l e c t i o n . These d i s l o c a t i o n s a l s o have 
b = - 001 and are of pure edge type. I t i s I n t e r e s t i n g 
to note that no marked change I n growth v e l o c i t y occurred 
upon n u c l e a t i o n of the screw d i s l o c a t i o n D-j^ , though with only 
Fig.(4-4a) 
Fig<4-4b) 
I 
Pig.(4-4) Topographs of another c r y s t a l from batch I . 
Pendellosung fringes P indicate high perfection, 
MoKa-j^ , L4 50|im nuclear emulsion. 
(a) O i l r e f l e c t i o n . Growth bands i n both sec-tors A and B v i s i b l e . Sector boundary i n -v i s i b l e . Dislocations i n v i s i b l e . 
(b) 002 r e f l e c t i o n . Bands i n sector A I n v i s i b l e . 
(c) 020 r e f l e c t i o n . Bands i n sector B i n v i s i b l e . 
Dislocations and Dg I n v i s i b l e . 
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a t h i n section being examined i t i s possible t h a t screw d i s -
l o c a t i o n s were already present at the growth f r o n t . The 
d i s l o c a t i o n s D^ . might be expected to e x i s t i n p a i r s , as do 
d i s l o c a t i o n s D^ , but one of the d i s l o c a t i o n s may have been 
l o s t i n p o l i s h i n g the 200 |Im t h i c k p l a t e . The d i s l o c a t i o n s 
vanish, only i n O i l r e f l e c t i o n and i t i s concluded t h a t 
b = ± [ o i l ] . This p a r t i c u l a r c r y s t a l p l a t e i s of consider-
able i n t e r e s t as i t e x h i b i t s i n a flux-grown c r y s t a l many 
features c h a r a c t e r i s t i c of s o l u t i o n growth and as we w i l l 
see i n se c t i o n (4-7) the d i r e c t i o n s of these d i s l o c a t i o n s 
are i n agreement w i t h the postulate t h a t d i s l o c a t i o n s i n 
solution-grown c r y s t a l s run i n such a d i r e c t i o n as t o mini-, 
mlze t h e i r e l a s t i c l i n e energy per u n i t length of growth. 
The e a r l y topographic studies of t h e . c r y s t a l s from the 
batch I revealed high d i s l o c a t i o n d e n s i t i e s which were mainly 
due t o the p l s t i c deformation. 
Figi(4-5) shows a topograph of a ( l l O ) s l i c e of a crys-
t a l from batch I I . As i n a l l c r y s t a l s examined from t h i s 
batch, strong growth band contrast i s observed. Many d i s -
l o c a t i o n l i n e s can be i d e n t i f i e d i n the r i g h t hand part of 
t h e topograph. This observation i s supported by the high 
den s i t y of etch p i t s found on the surface, and the general 
p e r f e c t i o n of t h i s batch was i n f e r i o r to batch I . However, 
the strong growth bands observed i n the (110) s l i c e confirmed 
t h a t growth occurred on the three j^lOO , faces at equal 
r a t e s throughout growth. 
Pig.(4-6) i l l u s t r a t e s the t y p i c a l product of batch I I I . 
The d i s l o c a t i o n density i s high and i n d i v i d u a l defects cannot 
Fig.(4-5) Topograph of (110) p l a t e of KNIF^ c r y s t a l 
from batch I I . l l o r e f l e c t i o n MoKO^ r a d i a t i o n , 
L4 50|im nuclear emulsion. 
1mm 
I ' 
Pig.(4-6) Much l e s s p e r f e c t c r y s t a l from batch I I I . 
High d i s l o c a t i o n density. 020 r e f l e c t i o n , 
AgHOC]^  r a d i a t i o n , L4 50|im nuclear emulsion. 
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be c l e a r l y resolved. The d i s l o c a t i o n s do not l i e along 
c r y s t a l l o g r a p h l c d i r e c t i o n s and are not s t r a i g h t . I t seems 
t h a t they arose from s l i p at high temperature. 
Although the best c r y s t a l s of KNiF^ were obtained from 
batch I,.and were grown using a PbClg f l u x , there d i d not 
appear t o be a s i g n i f i c a n t c o r r e l a t i o n between c r y s t a l per-
f e c t i o n and the f l u x composition as the c r y s t a l s of batch I I I 
were i n f e r i o r to those of batch I I . 
4.5 X-Ray Topographic Observations of KCoF-^  
F i g . (4.-7) shows the topograph of a 200|j,m section of 
a c r y s t a l of KCoF^ from batch IV. I n the lower section, 
the. d i s l o c a t i o n density i s high but i n the upper l e f t hand 
comer i t i s f r e e from defects. The growth banding i s qui t e 
strong, as i n KNiF^, i n d i c a t i n g t h a t growth took place on 
the (100} faces throughout growth. Several d i s l o c a t i o n s 
D are v i s i b l e which are c l e a r l y grown i n and are of [_011_ 
Burgers vector and as seen i n Table (5-4) t h e i r d i r e c t i o n i s 
i n e x c e l l e n t agreement w i t h the t h e o r e t i c a l p r e d i c t i o n . The 
d i s l o c a t i o n s E are curved and as i n the KNiP^ c r y s t a l shown 
i n Fig.(4-6) one may suggest t h a t they arose from p l a s t i c de-
formation during growth. 
The best as-grown KCoF^ c r y s t a l i n batch V i s shown i n 
F i g . ( 4 - l b ) . The whole c r y s t a l was cubic of 8mm edge, and 
i t was cut i n t o three sections, and each section was prepared 
by mechanical g r i n d i n g and then etching i n HF. 
The f i r s t s e c tion i s shown i n Fig.(4-8). As seen the 
growth bands are i n [ o o l ] d i r e c t i o n and the pure screw d i s -
locations d run normal t o the growth bands. I n the region X 
1mm 
Pig.(4-7) KCoP^ c r y s t a l from batch IV. High d i s l o c a t i o n 
d ensity i n the lower region but much more per-
f e c t region above. A few growth d i s l o c a t i o n 
D i d e n t i f i a b l e . 020 r e f l e c t i o n , MoKa-j_ rad-
i a t i o n L4 50|im emulsion. 
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a tangle of d i s l o c a t i o n s which can be a t t r i b u t e d to p l a s t i c 
deformation i s observed. The other features may be due to 
the surface damage. 
The centre s e c t i o n i s shown i n Fig.(4-9). Although 
the growth banding i s very strong, i n d i c a t i n g a large change 
i n l a t t i c e parameter during the course of growth, the d i s -
location density i s very low. I n the l e f t hand region X of 
the micrograph evidence of p l a s t i c deformation i s seen i n 
the tangle of d i s l o c a t i o n l i n e s . Inspection of a photograph 
of the c r y s t a l i n s i t u before removal from the c r u c i b l e 
(Garrard, Wanklyn, and Smith (1974)) revealed t h a t the plas-
t i c deformation occurred i n a region where s u b s t a n t i a l i n t e r -
growth had taken place. Reference to the growth bands shows 
t h a t t h i s region was t h a t which was f i r s t to grow. Fig.(4-8) 
also shows a s i m i l a r d i s l o c a t i o n tangle i n the corresponding 
p o s i t i o n X i n the adjacent s l i c e . 
I t i s i n t e r e s t i n g to note t h a t t h i s c r y s t a l d i d not a l -
ways grow at equal rates on a l l •[lOo| faces. 
As i n KNiF^ there are several long s t r a i g h t d i s l o c a t i o n s 
t y p i c a l of solution-grown c r y s t a l s . I n Fig.(4-9a) d i s l o c a t -
ions D-j^  and D-^  are v i s i b l e ; being pure screw i n character 
w i t h Burgers vector j o i o ] while are of mixed character and 
of Burgers vectors [OllJ , these being completely i n v i s i b l e 
i n the ( o i l ] r e f l e c t i o n . I n F i g . (4-9b) another set of d i s l o c -
a t i o n s Dg are i n v i s i b l e and are of pure edge character and 
Burgers vector [OOl] . As we w i l l see i n section (4-7) and 
Table (5-4) the d i r e c t i o n of these d i s l o c a t i o n s are i n good 
agreement w i t h the minimum e l a s t i c energy p r i n c i p l e . 
i 
Pig.(4-8) F i r s t s l i c e of the best KCoP^ c r y s t a l from 
batch V. Growth bands i n contrast i n [oOl) 
d i r e c t i o n . D i s l o c a t i o n s d v i s i b l e . 020 
r e f l e c t i o n , AgKa^ ^ L4 50|j,m emulsion. 
Fig.(4-9) The centre section of the best KCoF^ c r y s t a l 
from batch V. 
(a) 020 r e f l e c t i o n , AgKan r a d i a t i o n . Dis-
l o c a t i o n s D-|^  and i n contrast, 
bands G i n c o n t r a s t . 
Growth 
Pig.(4-9) (b) 002 synchrotron topograph, 7° Bragg angle, 
now d i s l o c a t i o n s are v i s i b l e , growth 
bands G I n v i s i b l e . 
i 
Fig.(4-10) The t h i r d s l i c e of the best KCoF^ c r y s t a l 
from batch V. 020 r e f l e c t i o n , AgKO-j^ , 
| l t ~ 4 , L4 50^m nuclear emulsion. 
69 
Pig.(4-10) shows a Lang topograph of the t h i r d s l i c e 
of KCoP^ c r y s t a l from batch V. This s l i c e was rather t h i c k 
. ( t = 800 )lm) and for A0^^ r a d i a t i o n |Jltc;4. Although i t 
i s d i f f i c u l t to i n t e r p r e t a l l the contrast i n t h i s absorption 
condition, surface f e a t u r e s appeared strongly on the topo-
graph. I n Pig.(4-lb) s t r a i g h t l i n e s which can be a t t r i b u t -
ed to c r a c k s on the surface of the as-grown c r y s t a l are ob-
served. : Although t h i s s l i c e was polished, most of these 
l i n e s were seen o p t i c a l l y . The X-ray topographic contrast 
a l s o shows ..several h o r i z o n t a l l i n e s which may be due to small 
c r a c k s . The v e r t i c a l black bands are very s i m i l a r to growth 
bands, but the c o n t r a s t i s complicated. Baruchel (1973) has 
a l s o observed s i m i l a r c o n t r a s t on an X-ray topograph of KCoP^. 
I n order to reduce the c r y s t a l t h i c k n e s s , i t was ground mech-
a n i c a l l y , but due to the presence of cracks i n the c r y s t a l , 
i t s h a t t e r e d . . However one small piece of the c r y s t a l (2x5mm) 
•of 300 [im was prepared. X-ray topographic observations on 
t h i s t h i n p l a t e proved that i t was of comparable q u a l i t y to. 
the f i r s t h a n d second s l i c e s . No surface features were'ob-
served. 
4.6 X-Ray Topographic Observations of KPeP^ 
P i g . (4-11) shows a topograph of a c r y s t a l of KPeP^ from 
batch V I , grown from Koch-Light PeP^ under s i m i l a r conditions 
as'''(^ batch vj. The q u a l i t y i s c l e a r l y i n f e r i o r to the KNiP^ 
and KCoP^. Although the contrast i s d i f f i c u l t to analyse, 
i t appears that many p r e c i p i t a t e s e x i s t throughout the c r y s t a l , 
not j u s t at the s u r f a c e . I t i s suggested that these are oxide 
p a r t i c l e s incorporated during growth. 
Pig.(4-11) R e l a t i v e l y imperfect c r y s t a l of KPeP^ from 
batch V I . MoKOC^  r a d i a t i o n 020 r e f l e c t i o n . 
I mm 
Pig.(4-12) Topograph of the best KPeP^ c r y s t a l . A 
few growth d i s l o c a t i o n s D and E are seen. 
110 r e f l e c t i o n , AgKcti r a d i a t i o n . 
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F i g . (4-12) shows a topograph of a c r y s t a l of KFeF-^  
grown from Cerac FeFg.Instead of Koch-Light FeF^. As seen 
the c r y s t a l can.be grown w i t h comparable p e r f e c t i o n t o the 
other f l u o r i d e s . The d i s l o c a t i o n D runs normal to [OOl] 
and the d i s l o c a t i o n s E are of mixed o r i e n t a t i o n . The d i r -
ections of these d i s l o c a t i o n s are s i m i l a r to those seen i n 
KNiF^ and KCoF^. The d i s l o c a t i o n s i n the regions X and Y 
were presumably generated by p l a s t i c deformation. 
4.7 The D i r e c t i o n of Disl o c a t i o n s i n Flux-Grown Crystals 
An extensive series of experiments by Klapper (I972, 
1973)^^ and Klapper and Kiippers (1973/ 197^) on c r y s t a l s grown 
from aqueous s o l u t i o n have revealed t h a t the d i s l o c a t i o n con-
f i g u r a t i o n s may be i n t e r p r e t e d using a sin g l e hypothesis. 
I f i t i s assumed t h a t the c r y s t a l grows i n such a way as to 
minimise i t s f r e e energy, i t f o l l o w s t h a t d i s l o c a t i o n l i n e s 
p r e f e r e n t i a l l y run i n those d i r e c t i o n s which minimise t h e i r 
e l a s t i c l i n e energy per u n i t growth length. This c o n d i t i o n 
i s also equivalent to the d i s l o c a t i o n l i n e experiencing zero 
forc e due t o the growth surface. Klapper and h i s coworkers 
have c a l c u l a t e d the l i n e energy E (b, 1_, C^j) of d i s l o c a t i o n s 
i n c r y s t a l s using a n i s o t r o p i c e l a s t i c i t y theory. The energy 
may be w r i t t e n 
E ( b , l , C . j ) = K (b,l,C.j ) b 2 . ln(R/r)/4Tt 4-1 
where K i s the energy f a c t o r , R and r the outer and inner 
cut o f f r a d i i of the d i s l o c a t i o n , b the Burgers vector, 1 
the l i n e d i r e c t i o n and C^j the e l a s t i c constants. 
The energy per u n i t growth length i s . t h e n 
W ( b , l , C ^ j , n ) = E(b,l,C.j)/Cosa 4-2 
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where n i s the normal to the growth face anda(n.»l) i s the 
angle between n and 1.. The theory gives very good agree-
ment between t h e o r e t i c a l l y p r e f e r r e d d i r e c t i o n s and d i s l o c -
a t i o n l i n e d i r e c t i o n s observed by X-ray topography i n a wide 
range of aqueous s o l u t i o n grown c r y s t a l s . Epelboin et a l . 
(1973) have also found t h a t the theory was applicable t o 
hydrothermal.growth, and the agreement between the theory 
and t h e i r X-ray topographic observations was qui t e good. I n 
order t o t e s t the theory i n high temperature flux-grown KNiF^ 
and KCoF^ c r y s t a l s . Dr. H. Klapper k i n d l y computed the pre-
f e r r e d d i s l o c a t i o n d i r e c t i o n s and as seen i n Tables (4-3) 
and (4-4) the agreement between the present X'i.ray topographic 
observations and the theory i s e x c e l l e n t . This work w i l l be 
reported by Safa, Tanner, Wanklyn and Klapper (1977). 
I n the case of KNiF^ Table (4-3) shows t h a t the d i s l o c -
a t i o n l i n e s 1^  i n F i g . (4-4) obey the three general r u l e s form-
u l a t e d by Klapper and Kuppers (1973* 1974). These are: 
1. For Burgers vector b p a r a l l e l t o n, 1 i s p a r a l l e l t o n 
(screw d i s l o c a t i o n s D-j^). 
2. For b normal t o n and n p a r a l l e l t o a d i r e c t i o n of two-
f o l d symmetry, 1 is p a r a l l e l t o n (edge d i s l o c a t i o n s D^)• 
3. For b n e i t h e r p a r a l l e l nor normal t o n, 1 l i e s between 
n and b (mixed d i s l o c a t i o n D^). 
Using values of e l a s t i c constants taken from Rousseau, 
Nouet and Zarembowitch (1974) the v a r i a t i o n of the e l a s t i c 
l i n e energy per u n i t growth length W was. computed as a f u n c t i o n 
of o r i e n t a t i o n . As seen i n Table (4-3), the t h e o r e t i c a l pre-
f e r r e d d i r e c t i o n s of d i s l o c a t i o n s and t)^ l i e normal t o the 
respec t i v e growth f r o n t s as expected on symmetry grounds. 
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Agreement f o r these d i s l o c a t i o n s i s e x c e l l e n t . For d i s -
l o c a t i o n D^ , the t h e o r e t i c a l l y p r e f e r r e d d i r e c t i o n makes an 
angle of 12° to [oOl] i n the (100) plane and the d i r e c t i o n 
of the i s o l a t e d d i s l o c a t i o n s , e.g. d i s l o c a t i o n D^(A), i s i n 
e x c e l l e n t agreement w i t h the t h e o r e t i c a l p r e d i c t i o n . The 
agreement f o r the bundle of d i s l o c a t i o n s D^(B) i s not so good 
but i t should be noted t h a t the curvature of the energy sur-
face i s vbry small and the v a r i a t i o n i n e l a s t i c l i n e energy 
per u n i t growth length between an angle of 12° and 20° i s 
only 1%. I n such a case other influences may become import-
ant, f o r example, the mutual e l a s t i c i n t e r a c t i o n w i t h i n the 
d i s l o c a t i o n bvmdle or w i t h the s t r a i n f i e l d s of growth bands. 
This may push the d i s l o c a t i o n s apart, thus increasing the 
angle of the fan around the mean angle of about 17°. I t 
should also be noted t h a t the angular spread of the fan de-
creases when the d i s l o c a t i o n l i n e s D^(B) propagate from t h e i r 
o r i g i n i n the growth band producing strong X-ray topographic 
c o n t r a s t . Here t h e i r o r i e n t a t i o n approaches the cal c u l a t e d 
d i r e c t i o n . : 
TABLE 4-3 
Observed and T h e o r e t i c a l Preferred Line D i r e c t i o n s i n KNiF, 
D i s l o c a t i o n Growth Sector b 
Angle made w i t h [OOlJ 
i n (100) plane 
Observed Theoretical 
D, , . (001) [ool] 0° 0° 
(010) [OOl] 90° 90° 
^5. • 
(001) [on] 13°-0.5°for A 15-30 f o r B 
12° 
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S i m i l a r computations were performed to determine the 
p r e f e r r e d l i n e d i r e c t i o n s of d i s l o c a t i o n s i n KCoF^ c r y s t a l s 
grown from, f l u x . 
Table (4-4) shows t h a t there i s exc e l l e n t agreement be-
tween the t h e o r e t i c a l and observed d i r e c t i o n s of d i s l o c a t i o n s 
i n three d i f f e r e n t c r y s t a l s of KCoF^. 
TABLE 4-4 
Observed and the T h e o r e t i c a l Preferred 
Line D i r e c t i o n s i n KCoF^ 
D i s l o c a t i o n Growth h 
Angle made w i t h 010 
i n (100) plane 
Sector Observed Theor-e t i c a l 
D3_,Fig(4-9) (010) [olo] 4°±0.5° 0° 
Dg,Fig(4-9) (010) [OOl] 
0°±0.5°for D2(A) 
0-5° f o r D2(B) 0° 
D^,Fig(4-9) (010) [oil] 13° t 0.5° 16° 
d, Fig(4-8) (010) [olo] 0° . 0° 
D, Fig(4-7) (010) [on] 13° - 14° 16° 
C a l c u l a t i o n s show t h a t the energy minimum i s q u i t e sharp 
f o r the screw d i s l o c a t i o n s D^  and d but rather f l a t f o r the 
edge d i s l o c a t i o n s B^. The energy minimum of mixed d i s l o c a t -
1 
ions D^  and D i s also shallow, the v a r i a t i o n i n W between 12 
and 20° w i t h [oio3 i s only 0.3^. 
Although the values of e l a s t i c constants used were nec-
e s s a r i l y room temperature values, the agreement between the 
observed and t h e o r e t i c a l l y p r e f e r r e d l i n e d i r e c t i o n s i s e x c e l l -
ent. The small discrepancies probably a r i s e more from mutual 
e l a s t i c i n t e r a c t i o n s between d i s l o c a t i o n s than from the inaccuracy 
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i n values of the e l a s t i c constants. Although changes i n 
the absolute values between 20°C and-900°C might be expected, 
the r e l a t i v e values are not expected t o vary very much. 
The present work has demonstrated t h a t a concept o r i g -
i n a l l y formulated i n r e l a t i o n to growth from aqueous s o l u t i o n 
at room temperature can be applied successfully to s o l u t i o n 
growth from molten s a l t s at high temperatures. When p l a s t i c 
deformation or d i s l o c a t i o n climb does not mask the i n t r i n s i c 
f e a t u r e s , the d i s l o c a t i o n c o n f i g u r a t i o n i n flux-grown c r y s t a l s 
can be understood i n terms of one very simple p r i n c i p l e . 
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CHAPTER FIVE 
CRYOGENIC X-RAY TOPOGRAPHY 
5.1 Review of the Low Temperature X-ray Topographic Experiments 
Despite the considerable I n t e r e s t which e x i s t s regarding 
room temperature X-ray topographic experiments, very few low 
temperature topographic studies have been performed. As 
X-ray topography i s a very powerful technique f o r domain 
observations i n the bulk of the specimen, and many materials 
become magnetic or antiferromagnetic at low temperatures, the 
development of cryogenic X-ray topography i s extremely import-
ant . . 
The f i r s t low temperature X-ray topographic experiment 
was performed by Salto, Nakahigashi, and Shimomura (1966) to 
observe antiferromagnetic domains i n CoO by the Berg-Barrett 
technique. They used a l i q u i d a i r c r y o s t a t i n which a gonio-
meter w i t h a copper specimen holder was attached t o the bottom 
of the metal container f o r l i q u i d a i r . The specimen was glued 
t o the copper holder, so t h a t i t was cooled by thermal con-
du c t i o n through the goniometer. The specimen was enclosed 
by a p l a i s t i c cover which i s transparent f o r X-rays as w e l l 
as f o r v i s i b l e l i g h t ; . The specimen chamber thus formed, 
was connected d i r e c t l y t o a vacuum space f o r heat i n s u l a t i o n 
i n the c r y o s t a t . Under usual c o n d i t i o n s , the specimen temp-
erature was estimated to be about 123 K. Hosoya and Ando 
(1971 and 1972) using a l i q u i d n i t r o g e n cryostat studied a n t i -
ferromagnetic domains i n Cr by X-ray and neutron topography 
r e s p e c t i v e l y . Schlenker, Baruchel and Nouet (1973) using a 
l i q u i d n i t r o g e n c r y o s t a t e s p e c i a l l y designed f o r X-ray tr a n s -
mission topography observed domains i n KCoF-^ . I n the l i q u i d 
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helium range, MERIC have manufactured a v a r i a b l e temperature 
c r y b s t a t s p e c i a l l y designed f o r Lang topography. The detai2.s 
of t h i s c r y o s t a t w i l l be discussed i n section (5-3)v Mathiot, 
P e t r o f f and Bernard (1973); P e t r o f f and Mathiot (197^); 
Mathiot and P e t r o f f (1975) used t h i s c r y o s t a t f o r Lang X-ray 
topographic studies of magnetic domains i n terbium i r o n garnet 
at temperatures down t o 4.2 K, and we have also performed topo-
graphic experiments at temperatures down t o 4.2 K w i t h t h i s 
c r y o s t a t . 
The author has been involved i n the design of three 
d i f f e r e n t c r y o s t a t s f o r X-ray topography using Lang and syn-
chro t r o n techniques. I n t h i s chapter the designs of these 
c r y o s t a t s and also the one manufactured by MERIC w i l l be des-
c r i b e d . 
5.2 Glass Cryostat w i t h Cold Finger T a i l 
This c r y o s t a t was o r i g i n a l l y constructed f o r use w i t h ike 
Lang camera i n the l i q u i d n i t r o g e n range and i t was designed 
I n c o l l a b o r a t i o n w i t h Mr. D. Midgley. 
F i g . ( 5 - l a ) shows the cryos t a t mounted on the Lang camera. 
Pig. ( 5 - l b ) shows the d e t a i l s of the bottom part of the glass 
c r y o s t a t . The dewar i t s e l f was made from glass and a glass-
to-metal seal c a r r i e d a copper cold f i n g e r E from the n i t r o g e n 
r e s e r v i o r to the specimen s i t u a t e d about 5 cm below the reserv-
o i r . Specimens were momted on brass holders H capable of 
crude adjustment about a h o r i z o n t a l axis on two grub screws. 
As the holder can not be r o t a t e d i n the v e r t i c a l plane, the 
specimen should be mounted c a r e f u l l y i n an accurate geomet-
r i c a l p o s i t i o n w i t h i n a degree to s a t i s f y the desired Bragg-
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r e f l e c t i o n . . KNiF^ and KCoF^ have the perovskite cubic 
s t r u c t u r e , and the specimens are prepared as^100) t h i n p l a t e s . 
These specimen plates u s u a l l y have w e l l defined Olo] or (]o01, 
edges, th e r e f o r e using a set square, one can glue the specimen 
i n the desired p o s i t i o n and f u l f i l the d i f f r a c t i o n c o n d i t i o n . 
For low temperature topographic experiments, varnish was used 
to glue the specimen. A glass cap C f i t t e d w i t h mylar wind-
ows W which were f i x e d w i t h epoxy r e s i n , covered the specimen 
and ensured a vacuum space round i t to minimize heat loss. 
This vacuum space connected w i t h the dewar space and f o r t h i s 
reason the dewar was continuously pumped w i t h a r o t a r y pump 
dur i n g operation. Due t o the r e l a t i v e l y poor vacuum there 
was considerable heat loss down the cold f i n g e r and the spec-
imen area c o n s t i t u t e d the weakest part of the design. Con-
sequently, the c r y o s t a t has never achieved a temperature of 
77 K, and the t y p i c a l temperatures obtained, were estimated 
t o be about 100 K. 
I n Lahg's method using a conventional generator, the 
photographic p l a t e must be s i t u a t e d w i t h i n 1-2 cm of the 
specimen i n order t o o b t a i n a geometrical r e s o l u t i o n of 1-2 p.m. 
As a r e s u l t a d i f f r a c t e d beam s l i t i s required i n order t o 
e l i m i n a t e the imwanted d i r e c t beam from the photographic plate.-
As seen i n F i g . (5-la) and F i g . (5-'4t>), the s l i t S i s located 
immediately a f t e r the cap C and the photographic p l a t e i s 
placed j u s t a f t e r the s l i t . I n the case of the glass cryo-
s t a t , i t was possible to place the f i l m w i t h i n 2 Cm of the 
specimen. Using t h i s arrangement, domain patterns of KNiF^ 
were observed w i t h good r e s o l u t i o n . I t has proved d i f f i c u l t 
t o design c r y o s t a t s capable of f u l f i l l i n g these requirements 
Fig.(5-1) (a) The glass c r y o s t a t mounted on Lang camera. 
(b) D e t a i l s of the lower part of the c r y o s t a t , 
note the cold f i n g e r E and specimen holder H, 
and mylar windows W on the cap C. 
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while at the same time being traversed across the X-ray beam. 
I t t u r ns out to be almost impossible to place the whole ass-
embly between the pole pieces of an electromagnet having a 
•gap of 2-5 cm. Only one example of a topographic study i n 
magnetic f i e l d s up t o 10 KOe has been performed by. Yamada 
et a l , (1966). This i s a room temperature study of a n t i f e r r o -
magnetic domains i n NiO using the Berg-Barrett topography method 
i n which no t r a v e r s i n g mechanism i s involved. As t h i s i s a 
r e f l e c t i o n technique, domains i n the i n t e r i o r of the c r y s t a l 
were not imaged. 
i n Chapter Three the advantages of X-ray topography using 
synchrotron r a d i a t i o n were discussed, and we saw th a t w i t h 
the 5 Gev e l e c t r o n synchrotron NINA at Daresbury Laboratory 
a geometrical r e s o l u t i o n of 1 |J,m can be achieved when the 
specimen t o p l a t e distance i s 10 Cm, and no scan i s needed. 
Synchrotron r a d i a t i o n enables many new experiments to be 
designed which r e q u i r e considerable q u a n t i t i e s of other appar-
atus around the specimen. For the f i r s t time t h i s technique 
was employed t o study domain behaviour of KNiF^ and KCoF^ i n 
the presence of magnetic f i e l d s up to 14 KOe at low temperatures, 
(Chapter E i g h t ) . 
The glass c r y o s t a t proved t o be p a r t i c u l a r l y s u i t e d f o r 
synchrotron work. Fig.(5-2) shows the schematic arrangement 
of the c r y o s t a t and electromagnet f o r synchrotron topography. 
The c r y o s t a t was mounted d i r e c t l y on t o the electromagnet 
c o i l s , and as the specimen was arranged to be s i t u a t e d at 
the centre of the c o i l s , the angle of t i l t of the specimen 
could be changed without a l t e r i n g the height simply by s l i d i n g 
the c r y o s t a t mount around the r i m of the electromagnet. Coarse 
Dewar 
MR 2 A 
V 
To rotary pump 
X-ray beam 
Fig.(5-2) , Schematic diagram of the c o l d - f i n g e r cryostat 
mounted d i r e c t l y on the electromagnet c o i l s C 
: • f o r synchrotron topography. 
• 79 
height adjustment was made by ja c k i n g the whole electromagnet 
up on fou r threaded legs. L a t e r a l adjustment was made by 
pushing: the whole electromagnet along i t s base by two large 
screws. Due t o the almost complete p o l a r i z a t i o n of the beam, 
the incidence plane was chosen to be v e r t i c a l i n order to 
maximize i n t e n s i t y . Consequently, the r o t a t i o n of the spec-
imen about a h o r i z o n t a l axis normal t o the beam was s u f f i c i e n t . 
Brass specimen holders of t h i s c r y o s t a t were capable of t h i s 
r o t a t i o n . The electromagnet used was a Newport 4 inch model 
p r o v i d i n g a f i e l d of 13 KOe at 12A. i n a gap of 2.6,CTn. The i n - ' 
t e n s i t y o f synchrotron r a d i a t i o n i s extremely high and there-
f o r e , due t o the h e a l t h hazard, no adjustments can be made 
w i t h the X-ray beam on unless they are performed.remotely. 
As mentioned i n section (3-5) the specimen can be 
aligned i n the las e r beam marking the path of the X-ray beam. 
Use of transparent mylar f o r the X-ray window permitted 
observation of the p o s i t i o n of the l i g h t beam on the specimen, 
and the adjustment of the specimen was easy. The cryos t a t 
was used f o r domain w a l l motion studies of KNIF^. 
5.3 S t a i n l e s s Steel Cryostat w i t h a Gas-Cooled T a i l 
This v a r i a b l e temperature cry o s t a t was manufactured by 
Merle f o r work i n the temperature range of 2-^00 K. Pig.(5-3) 
shows a schematic diagram of the c r y o s t a t . The specimen i s 
cooled by convection i n a current of helium drawn o f f from 
the reserve through a needle valve. C i r c u l a t i o n of coolant 
i s achieved by pumping on. the c e n t r a l canal containing the 
cr y s t a l , w h i c h i s mounted on a holder enabling 360° r o t a t i o n 
i n the v e r t i c a l plane t o be obtained while the specimen i s at 
low temperature. This r o t a t i o n i s ^ extremely u s e f u l f o r f i n e 
2^ 
7 
Needle valve 
Specimen orientation 
control 
> T o pump 
Liquid 
•helium 
reservoir 
Liquid 
nitrogen 
reservoir 
Active 
charcoal 
Tail only 12-6mm In depth 
Ga As thermometer 
Specimen situated betw/een 
Be windows 
Heat exchanger 
Fig.(5-3) Schematic diagram of the Meric cryostat f o r 
X-ray, topography at l i q u i d helium temperature. 
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adjustments and also f o r t a k i n g topographs of d i f f e r e n t r e -
f l e c t i o n s while the sample i s kept i n a desired low temper-
ature. By means of the heat exchanger, which incorporates 
an e l e c t r i c a l heater, temperatures above 4.2K may be main-
tain e d w i t h the s t a b i l i t y of 0.02 K. The helium reserve i s 
of 2 l i t r e s capacity and i s surrounded by a l i q u i d n i t r o g e n 
s h i e l d of capacity 3.4 l i t r e s . At 4.2 K one 2 - l i t r e f i l l of 
l i q u i d helium l a s t s between 10 and 12 hours, so r e l a t i v e l y 
long exposures on the Lang camera are possible. Fig.(5-4a) 
shows the Meric c r y o s t a t mounted on the Lang camera, using 
the r o t a t i n g anode GX6 X-ray generator. For Lang topography 
i t i s extremely important t h a t the f i l m be placed ver^y close 
to the specimen and the cr y o s t a t t a i l c ontaining the specimen 
holder i s so designed as t o be only 1.26 cm t h i c k . As seen 
i n Fig.(5-4b), w i t h care i t i s possible to place the f i l m 
within' 1 cm of the c r y s t a l . Two b e r y l l i u m windows W i n the 
t a i l a llow passage of the X-rays. Temperature measurement 
and i t s c o n t r o l i s achieved by means of a Ga As thermometer 
mounted on the specimen holder. 
Fig*(5-5) shows the f r o n t and back views of the Meric 
c r y o s t a t mounted between the magnet pole pieces at the end 
of the beam l i n e i n the NINA Synchrotron Radiation F a c i l i t y . 
The emulsion p l a t e holder F was mounted on the outside of the 
electromagnet c o i l s at a distance of 15 cm from the specimen. 
This c r y o s t a t could s a t i s f y both long exposure r e q u i r e -
ments of Lang topography and the short exposure requirements 
of synchrotron topography, although because of i t s r e l a t i v e l y 
wide t a i l (5 cm), using the Newport 4 inch electromagnet, only 
f i e l d s of 6.4 KOe at the specimen was achieved. This c r y o s t a t 
I MM 
Pig.(5-4) (a) The Merle cryo s t a t mounted on the Lang camera, 
using r o t a t i n g anode GX6 X-ray generator. 
(b) The p o s i t i o n of the t a i l of the c r y o s t a t , 
s l i t s , S, and f i l m F f o r Lang topography. 

Fig.(5-5) Photograph of the Merle cryostat mounted 
between the electromagnet pole pieces on 
the beam l i n e from NINA at Daresbury. 
(a) Front view, (b) back view. 
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was extremely useful f o r domain w a l l motion studies of KNiF^ 
and f o r t h i s purpose the magnetic f i e l d s up to 6.4 KOe 
were s u f f i c i e n t . 
5.4 Glass Cryostat w i t h no X-ray Window 
Domain w a l l movement experiments revealed t h a t the c r i t -
i c a l magnetic f i e l d at which antiferromagnetic domain w a l l 
motion ceased i n KCoF^ was considerably higher than the max-
imum f i e l d (6.4 KOe)which could be obtained using the Meric 
c r y o s t a t and Newport 4 inch electromagnet. As the t r a n s i t i o n 
temperature of KCoF^ i s = 114 K, a cryos t a t capable of 
achieving stable temperature w e l l below 114 K was needed. 
Although the glass c r y o s t a t w i t h mylar windows and cold f i n g e r 
had a t a i l of 2.4 cm wid t h , and experiments up to I.5 T could 
be performed w i t h i t , because of heat loss the achieved temp-
erature . depended upon the vacuum c o n d i t i o n of the c r y o s t a t , 
and one could not be c e r t a i n of the ac t u a l temperature of the 
sample. Therefore the problem was to design a cryostat cap-
able of achieving higher magnetic f i e l d s at 77 K. The only 
s o l u t i o n was t o reduce the gap between the pole pieces, but 
at the same time maintaining a temperature "of 77 K. The pro-
blem was overcome by immersing the specimen i n l i q u i d n i t r o g e n 
contained i n a t h i n - w a l l e d n a r r o w - t a i l e d glass c r y o s t a t . A l -
though the absorption of X-rays i n the glass and l i q u i d n i t -
rogen i s considerable, by e x p l o i t i n g the enormous i n t e n s i t y 
of synchrotron r a d i a t i o n t h i s k i n d of cryos t a t proved t o be 
successful. As i l l u s t r a t e d i n Fig.(5-6) the specimen was 
attached t o a brass holder on the. end of a s t a i n l e s s s t e e l 
rod clamped at the top of the dewar. The t a i l of the dewar 
was l e f t i j n s l l v e r e d , and thus, i t was easy to a l i g n the c r y s t a l 
Liquid nitrogen 
Clamping screw 
Fig.(5-6) Schematic diagram of the windowless cryostat 
f o r high f i e l d work at 77K. 
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i n the l a s e r beam while i t was immersed i n the l i q u i d nitrogen, 
Although considerable bubbling occurred at the specimen due to 
the heat leak down the s t a i n l e s s s t e e l holder, t h i s d i d not 
seem t o cause unacceptable v i b r a t i o n of the specimen.. The 
glass c r y o s t a t worked extremely w e l l p a r t i c u l a r l y as the glass 
r a t h e r conveniently absorbed the n i t r o g e n s c a t t e r and much of 
the backgroimd from the d i r e c t beam. The topographs of KCoF 
i n d i f f e r e n t steps of f i e l d s up t o 14 KOe taken w i t h t h i s cryo-
s t a t w i l l be presented i n Chapter Eight. 
The i n t e n s i t y of the synchrotron topographs was c a l c u l -
ated by Tuomi et a l (1974) and was given by expression (3-1). 
I n the case of t h i s glass c r y o s t a t , the absorption of X-rays 
i n the glass and n i t r o g e n should also be taken i n t o account, 
t h e r e f o r e the i n t e n s i t y of the [ h k l ] d i f f r a c t e d , beam i s given 
by 
I h k l - - p a ) - P h k i % - ' ^ M + ^ l h . ^ 2 t 2 ) 
h k i n k i g^j^^Q 
Where S i s the f i l m s e n s i t i v i t y which v a r i e s withX. | i , 
and jJLg are the absorption c o e f f i c i e n t s of the specimen, 
l i q u i d n i t r o g e n , and glass, t , t ^ and are the thicknesses 
of the specimen, n i t r o g e n , and glass r e s p e c t i v e l y . The other 
symbols have t h e i r usual meaning. According to the analysis 
of the J o b l i n g Laboratory Group Glass, the f o l l o w i n g i s a 
t y p i c a l composition of the glass used f o r the const r u c t i o n of 
t h i s c r y p s t a t , 
SiOg 80.60fo CaO 0.1^ 
BgO^ 12.60^ CI 0.1^ 
NagO 4.15^ MgO 0.05^ 
AlgO^ 2.20^ ^®2°3 0.05^ 
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The absorption c o e f f i c i e n t s | i , p.-^ , d i f f e r e n t wave-
lengths were obtained from the I n t e r n a t i o n a l Tables f o r X-ray 
Crystallography (I962). The thickness of l i q u i d n i t r o g e n i n 
the t a i l of the dewar was t-|^ = 1 cm and the t o t a l glass t h i c k -
ness of the dewar = 0.6 cm. Using the values of P(X) from 
F i g . ( 3 - 1 ) / f i l m s e n s i t i v i t y S from Hart (1975) and values of 
s t r u c t u r e f a c t o r s Fj^^^^ from t a b l e 1 of Appendix I , the i n t e n -
s i t i e s l^-^i could be c a l c u l a t e d . Fig. (5-7) shows the r e l a -
. t i v e i n t e n s i t i e s of the d i f f r a c t e d beam from [lOO} planes of 
KNiF-^ as a f u n c t i o n of Bragg angle, at 5 Gev e l e c t r o n energy, 
w i t h and without the glass c r y o s t a t and n i t r o g e n . As might 
be expected a l l wavelengths except those less than about 0.7 % 
s u f f e r very marked absorption i n the glass. For a l l Bragg 
angles there i s an increase i n the exposure time of roughly 
a f a c t o r of twenty. Using a conventional X-ray generator and 
a Lang camera such an increase would be unacceptable but w i t h 
the very high f l u x produced by the synchrotron an increase 
of the exposure time from 20 seconds t o 6 minutes caused no 
inconvenience. 
5.5 Polystyrene Immersion Cryostat 
The absorption of X-rays i n glass i s r e l a t i v e l y high, 
and t h i s r e s u l t s i n a considerable increase i n exposure time 
f o r topographic experiments using the glass immersion c r y o s t a t . 
I n order t o overcome t h i s problem i t seemed an obvious step 
to attempt t o contain the l i q u i d n i t r o g e n i n an expanded poly-
styrene container and again immerse the specimen i n the l i q u i d . 
The c o n s t r u c t i o n of the c r y o s t a t was extremely easy, and i n 
f a c t , i t was f a b r i c a t e d from scrap expanded polystyrene i n 
approximately ten minutes. Pig.(5-8) shows the schematic 
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Fig-(5-7) . I n t e n s i t i e s i n transmission of the beams d i f f r a c t e d 
from [lOO^ planes of KNiF^ as a f i m c t i o n of the-
Bragg angle at 5 Gev.. (a) Upper curve i s f o r the 
c r y s t a l without c r y o s t a t , (b) Lower curve shows' 
equivalent i n t e n s i t i e s f o r a c r y s t a l i n side the 
windowless glass c r y o s t a t . 
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diagram of the expanded polystyrene c r y o s t a t , and the spec-
imen support rod clamped i n a r e t o r t stand. As polystyrene 
i s opaque t o l i g h t , i t was not possible t o adjust the p o s i t i o n 
of the specimen while immersed i n the l i q u i d , therefore the 
c r y s t a l was aligned i n l a s e r beam p r i o r t o br i n g i n g up the 
polystyrene container. Contraction of the support rod on 
c o o l i n g d i d not cause t r o u b l e , and again although bubbling . 
occurred at the specimen t h i s d i d not a f f e c t the r e s o l u t i o n . 
Using t h i s c r y o s t a t , i t was proved t h a t the r e s o l u t i o n of 
d i s l o c a t i o n l i n e s at 77 K i s s t i l l good. The in s i d e dimens-
ions of the polystyrene container which was used, f o r t h i s ex-
periment were 40 X 6 X 3 dm^, and the thickness of polystyrene 
was about 1.5 cm. The b o i l o f f r a t e was found to be qu i t e 
low and topping up was only necessary approxina t e l y every 
h a l f hour. 
Fig.. .(5-9) shows the i n t e n s i t i e s of I^ IOO} topographs of 
KNiF^ as a f u n c t i o n of Bragg angle, at 5 Gev el e c t r o n energy. 
Here only n i t r o g e n absorbs X-rays and the absorption of poly-
styrene i s n e g l i g i b l e . As seen i n Fig.(5-9) the removal of 
the glass r e s u l t s i n a gain of a f a c t o r of four i n exposure 
time f o r a n i t r o g e n path of 3 cm. 
The naive design of t h i s c r y o s t a t proved to be very 
successful. However, there are only two disadvantages which 
may be improved as f o l l o w s , 
1. This c r y o s t a t operates only at f i x e d temperatures (e.g. 
l i q u i d n i t r o g e n or dry i c e methanol temperature) but by 
using an i n s e r t and heater c o i l one can overcome t h i s 
l i m i t a t i o n . 
Stainless steel 
rod 
-Clamp 
X-ray beam 
• Expanded polystyrene 
trough 
-Support blocks. 
•Fig.(5-8) Schematic diagram of the expanded polystyrene 
c r y o s t a t . 
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Fig.(5-9). I n t e n s i t i e s f o r a c r y s t a l immersed i n l i q u i d 
n i t r o g e n contained i n an expanded polystyrene 
trough. 
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2. The n i t r o g e n s c a t t e r s appreciably and causes a con-
si d e r a b l e increase i n the background. I n order t o 
reduce the s c a t t e r i n g , small Bragg angles should be 
avoided and also the photographic p l a t e must be placed 
s u f f i c i e n t l y f a r from the specimen. 
Because of the a v a i l a b i l i t y of high f l i i x synchrotron 
r a d i a t i o n , the c r y o s t a t design i n topography i s not now 
d i c t a t e d by the topographic camera, and many new experiments 
are possible i n which X-ray topographs are taken simultan-
eously w i t h other measurements. 
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CHAPTER SIX 
STATIC DOMAIN STUDIES IN KNiP^ AND KCoF^ 
BY X^RAY TOPOGRAPHY 
6.1 . Predicted Domain Studies 
The torque magnetometry experiments of Hirakawa et 
a l . (1961) showed t h a t the spins i n KNiF^ and KCoF^ crys-
t a l s l i e i n <^od)> d i r e c t i o n s . Hirakawa and h i s co-
workers considered the existence of domain (twinned) 
s t r u c t u r e s i n KNIF^ and assumed the c r y s t a l to consist 
of three kinds of domains i n each of which.the d i r e c t i o n 
cosines of the spin axes r e l a t i v e to the cubic axes are 
1,0,0, 0,1,0, and 0,0,1 r e s p e c t i v e l y . Thus domain walls 
l y i n g i n the [no"^ planes are t o be expected. Using the 
proposed model f o r domain w a l l s and Nagamiya's (I960) 
ideas concerning domain w a l l movement, Hirakawa et a l . 
concluded t h a t the o r i g i n of the observed 49-term i n the 
torque curves arose from r e v e r s i b l e movement of the a n t i -
ferromagnetic domain w a l l s i n KNiF^. Spectroscopic ex-
periments of Ferre'^et a l . (1976) and P e t i t et a l . (1975) 
also i n d i c a t e d the existence of domain walls i n KNiF^ 
and KCoF^, and confirmed the domain w a l l geometry which 
was proposed by Hirakawa et a l . However, no d i r e c t evid-
ence f o r antiferromagnetic domain w a l l s i n KNiF^ existed 
p r i o r to t h i s work. 
6.2 Observation of Domain Walls i n KNiF 
At .246K the cubic perovskite KNiF-^ undergoes an a n t i -
ferromagnetic t r a n s i t i o n . b u t u n l i k e r e l a t e d compounds no 
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d e v i a t i o n from cubic symmetry has been detected by class-
i c a l X-ray d i f f r a c t o m e t r y section {l-6)j . Although no 
d i s t o r t i o n had p r e v i o u s l y been observed i n the a n t i f e r r o -
magnetic region of KNiF^, i n the present work, a n t i f e r r o -
magnetic domain w a l l s were observed i n h i g h l y perfect 
KNiF^ c r y s t a l s . 
Fig.(6-1) shows a topograph of a c r y s t a l of KNiF^ . 
taken at the temperature T = lOOK.using the glass cryo-
s t a t w i t h c o l d f i n g e r . The room temperature topograph 
of t h i s c r y s t a l was shown i n Fig. (4-3), and as seen this-
p a r t i c u l a r c r y s t a l was a h i g h l y p e r f e c t KNiF^ sample. A 
w e l l defined domain c o n f i g u r a t i o n i s observed, c o n s i s t i n g 
of two sets of wa l l s p a r a l l e l t o each of the <;^ 011/> d i r -
e ctions i n the specimen plane. 
F i g .(6-2) shows an O i l type topograph, where one set 
of walls, l i e s p a r a l l e l to and one set perpendicular to the 
d i f f r a c t i o n / v e c t o r £. When the specimen was v e r t i c a l no 
w a l l s were v i s i b l e , but on t i l t i n g the c r y s t a l approximately 
15° about the d i f f r a c t i o n vector the walls p a r a l l e l to 
£ became v i s i b l e , while the other set remained i n v i s i b l e . 
The e f f e c t of the t i l t angle on the observation of domain 
w a l l c o n t r a s t was demonstrated i n Fig.(2-11). As seen 
i n Fig.(6-2), the w a l l s perpendicular to £ are i n v i s i b l e . 
The r u l e f o r the i n v i s i b i l i t y of wa l l s based on the coher-
ent t w i n model isAM.£ = 0. Therefore AM i s p a r a l l e l to 
the [ o i l ] d i r e c t i o n , and assuming 90° type w a l l s , the sub-
l a t t i c e magnetization i n KNiF^ i s p a r a l l e l to the <^100^ 
Fig.(6-1) Lang topograph of a c r y s t a l of KNIP^ at T=100K. 
MoKa^ L^  r e f l e c t i o n , recorded on 50p.m I l f o r d 
L4 Nuclear Emulsion, exposure time 2h. A n t i -
ferromagnetic domains w i t h w a l l s i n <(llO^ 
d i r e c t i o n s are v i s i b l e . 
i 
Pig.(6-2) O i l type Lang topograph of the same c r y s t a l 
as i n F i g . ( 6 - 1 ) , MoKa^ r a d i a t i o n . Now the 
s e t of w a l l s p a r a l l e l to [oIl] are i n v i s i b l e . 
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d i r e c t i o n which i s i n agreement w i t h Hirakawa et al . ' a 
r e s u l t s . •• 
The contrast of the domain w a l l on X-ray topographs 
ar i s e s from the d i f f e r e n c e i n magnetostrictive deform-
a t i o n on opposite sides of the w a l l . Therefore a small 
t e t r a g o n a l magnetostrictive d i s t o r t i o n accounts f o r the 
observation of domain w a l l s . No s p l i t t i n g of the rocking 
curve was observed i n the Lang camera, i n d i c a t i n g ^ ^ ^ 1 0 " ^ . 
However, q u i t e strong topographic contrast i s found and one 
can t e n t a t i v e l y ascribe a lower l i m i t of "^10"^, corres-
ponding t o the angular r e f l e c t i o n range of the perfec t 
c r y s t a l . 
Fig.(6-3) shows a topograph of the same c r y s t a l at 
a temperature of around 200K (using the glass cryostat 
w i t h c o l d f i n g e r containing dry ice and methanol). Two 
sets of r o i l j and [Oll) domain walls s i m i l a r to Fig. (6-1) 
are observed, but the contrast i s rat h e r f a i n t , and t h i s 
i s due t o the decrease of magnetostrictive deformation 
at T = 200K. 
The domain c o n f i g u r a t i o n i s not reproducible on 
successive c o o l i n g below T^. A f t e r t a k i n g the topograph 
shown i n Fi g . ( 6 - 1 ) , the specimen was warmed above the Neel 
temperature and subsequently cooled to T = lOOK again. 
This time the domain p a t t e r n which was obtained, Fig.(6-4) , • 
d i f f e r s from what i s seen i n Fig.(6-1). Now two sets of 
wa l l s A along <^011/> d i r e c t i o n s and one set of walls B 
w i t h wide images l y i n g on i n c l i n e d [ o i l ] planes are ob-
served. The small s t r a i n s introduced i n mounting markedly 
Fig.(6-3) 020 Lang topograph of the same c r y s t a l of 
KNiF^ at T=200K MoKQ]^  r a d i a t i o n . Note two 
s e t s of <!llO^ w a l l s with f a i n t c o ntrast are 
v i s i b l e . 
P i g . ( 6 - 4 ) Domain p a t t e r n obtained when the specimen was 
warmed above the Neel temperature and sub-
sequently cooled to T=100K again. 0 2 0 
r e f l e c t i o n MoHOC-j^  r a d i a t i o n . 
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Influence the domain p a t t e r n . Figs.(6-5 and 6-6) i l l u s t -
r a t e the i n f l u e n c e of mounting conditions f o r the same 
c r y s t a l of KNiF^ at lOOK. When the c r y s t a l was mounted 
w i t h a small amount of glue on one corner, a low stress 
c o n f i g u r a t i o n of domains was obtained. Fig.(6-5). Walls 
X are sharp i n d i c a t i n g t h a t they l i e close to [ o i l ] planes 
when unstressed. Walls Y give wide images as they l i e on 
i n c l i n e d ' O i l } planes. When the same c r y s t a l was s l i g h t l y 
stressed i n mounting, domain walls do not exactly l i e on 
• O i l } planes. Fig. (6-6). 
I t i s extremely important to have a h i g h l y p e r f e c t 
c r y s t a l of KNiF-^ f o r domain studies w i t h X-ray topography. 
As the magnetostriction i s very small, i f the c r y s t a l con-
t a i n s growth bands or a high density of d i s l o c a t i o n s , when 
the c r y s t a l i s cooled through i t s Neel temperature the 
magnet o s t r i c t i v e d i s t o r t i o n w i l l be much smaller than the 
d i s t o r t i o n s which.the imperfections introduce and domain ob-
servations w i l l not be successful. To emphasise how v i t a l 
i t i s t h a t h i g h l y p e r f e c t specimens be used i f successful 
domain observations are t o be performed, a much less per-
f e c t c r y s t a l ' of KNiF^, Fig.(4-6), i n which the d i s l o c a t i o n 
density was high and i n d i v i d u a l defects could not be clear -
l y seen,was studied at low temperatures. Fig. (6-7) shows 
the same c r y s t a l at lOOK, i l l u s t r a t i n g t h a t i n most of the 
imperfect p a r t s the domains can not be observed and even 
i n the regions i n which domains are seen the contrast i s 
very weak. Again i n Fig. (6-8) because of very strong 
growth bands i n a c r y s t a l of KNiF-^, i n most parts of the 
F i g . (6-5) Lang topograph of the same c r y s t a l of KMiP-^ 
at T=100K. AgKtt^ r a d i a t i o n , 0 2 0 r e f l e c t i o n . 
p20] 
/ 
Pig.(6-6) Lang topograph of the KNiF^ c r y s t a l at T=100K. 
I n t h i s experiment the c r y s t a l was mounted with 
a l o t of glue. AgKcXj^ r a d i a t i o n 0 2 0 r e f l e c t i o n . 
4P' 
V. m 
Pig.(6-7) 0 2 0 Lang topograph of a much l e s s p erfect 
c r y s t a l of KNiP^ at T=100K. Domains can 
not be observed i n the imperfect regions. 
AgKOl]_ r a d i a t i o n . 
Pig.(6-8) Lang topograph of a c r y s t a l of KMiP^ with very 
strong growth bands at T=100K. 0 2 0 r e f l e c t i o n 
AgKCX^ ^ r a d i a t i o n . oriented domain w a l l s 
are only observed i n the regions, X and Y. 
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specimen domain w a l l s do not appear and only i n the regions 
X and Y are walls v i s i b l e . This i s because the imper- ' 
f e c t i o n d i s t o r t i o n dominates the small magnetostrictive 
d i s t o r t i o n . 
6.3 Observation of. Domain Walls i n KCoF^ 
At 114K, the perovskite KCoF^..crystal becomes a n t i -
ferromagneti-c and c l a s s i c a l c r y s t a l l o g r a p h i c measurements 
i n d i c a t e t h a t below the Neel temperature a tetra g o n a l d i s -
t o r t i o n accompanies t h i s t r a n s i t i o n . According to J u l l i a r d 
and Nouet (1975) the d i s t o r t i o n at 78K i s — = ; - 2.5 x 10"^, 
a 
and the temperature dependence of f o r KCoF^ was i l l u s t -
r a t e d i n Fig.(1-7). 
Although domains were observed i n zero f i e l d at 78K 
by Schlenker and h i s co-workers (197^), the domain p a t t -
ern they, obtained was not c l e a r and they proposed a rat h e r 
complicated model f o r the domain s t r u c t u r e . I n the pres-
ent work extensive topographic experiments on d i f f e r e n t 
samples were performed t o study the antiferromagnetic dom-
ai n w a l l s i n KCoF^ at 77K and 4.2K. 
The f i r s t observation of domains i n KCoF^ was per-
formed on. a sample Fig.(4-7) which contained a high d i s -
l o c a t i o n density i n the lower region, but was more perfect 
i n the upper p a r t . Fig.(6-9) i s the Lang topograph of 
the c r y s t a l taken at 77K using the Meric c r y o s t a t . I n . 
t h i s micrograph very sharp domain walls of <^011^ o r i e n t -
a t i o n w i t h strongs contrast are observed. This micrograph 
i l l u s t r a t e s the dependence of the contrast on the magneto-
Fig,(6-9) Lang topograph of a c r y s t a l of KCoP^ at 
T=77K. ( O i l ) type w a l l s are v i s i b l e . 
020 r e f l e c t i o n AgKa-^  r a d i a t i o n . 
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s t r i c t i o n very w e l l , and as i t i s large, i t e a s i l y domin-
ates the imperfection d i s t o r t i o n . Therefore strong domain 
w a l l c o n t r a s t i s seen even i n the deformed part of the 
c r y s t a l . Unlike Schlenker et al.(1974), the author has 
never observed substructure w i t h i n the T domains i n any 
experiment on d i f f e r e n t samples. Therefore i t i s conclud-
ed t h a t the s u b l a t t i c e magnetization l i e s along the cube 
edges. This i s i n agreement w i t h the torque data,Hirakawa 
et a l . (1961).. 
Fig.(6-10) shows a synchrotron topograph of a KCoF^ 
c r y s t a l at 77K. . The polystyrene c r y o s t a t described i n 
sect i o n (5-5) was used to perform t h i s experiment. The 
c r y s t a l was glued at one corner, using a very small amount 
of v a r n i s h . Rather d i f f u s e images of antiferromagnetic 
domains are v i s i b l e at A and B, but the bulk of the crys-
t a l i s s i n g l e domain. This seems to be a common feature 
i n KCoF^ whein i t i s c a r e f u l l y mounted without s t r a i n . The 
room temperature topograph of t h i s sample was shown i n 
Fig.(4-9). I n the low temperature topograph Fig. (6-10) , 
i t seems.that there i s much d i f f u s e contrast from inhomo-
genous s t r a i n s a r i s i n g from d i f f e r e n t i a l thermal contract-
i o n . However, the r e s o l u t i o n of the d i s l o c a t i o n l i n e s D 
i s s t i l l q u i t e good and demonstrates t h a t the bubbling of 
the n i t r o g e n at the specimen does not lead to unacceptable 
v i b r a t i o n . 
Experiments, proved t h a t the domain p a t t e r n i s e n t i r e l y 
dependent on the way the c r y s t a l i s mounted, and the length 
of the sample i n contact w i t h the cement and sample holder. 
Pig.(6-10) Synchrotron topograph of a KCoP^ c r y s t a l taken 
at 77K using the expanded polystyrene c r y o s t a t . 
Antiferromagnetlc domain w a l l s appear a t the top 
l e f t and bottom r i g h t of the micrograph. 002 
r e f l e c t i o n , 7° Bragg angle. 5 Gev, 7mA, 20 
seconds exposure on L4 25|j,m emulsion. 
t 
Fig.(6-11) Antiferromagnetic domains i n the same KCoF^ 
c r y s t a l at 77K with the polystyrene c r y o s t a t 
and mounted with more glue than i n Fig.(6-10) 
002 r e f l e c t i o n , 8° Bragg angle, 4 Gev, 5mA, 
3 minutes exposure. 
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The domain c o n f i g u r a t i o n i s influenced by the s t r a i n 
introduced on mounting. Fig.(6-11) shows a multi-domain 
p a t t e r n i n the same KCoF^ c r y s t a l , again using the poly-
styrene c r y o s t a t , but remounted using more glue. A mark-
edly d i f f e r e n t domain c o n f i g u r a t i o n has r e s u l t e d on cool-
i n g through the Neel temperature. 
Fig.(6-12) i s an o p t i c a l micrograph of a KCoF^ crys-
t a l mounted on a small r i n g and then f i x e d i n the specimen 
holder of the Meric c r y o s t a t . This micrograph i l l u s t -
r ates t h a t a considerable amount of varnish was used to 
mount the c r y s t a l . The room temperature topograph of 
t h i s c r y s t a l was presented i n F i g . ( 4 - 8 ) . At 4.2K a con-
siderable, number of domain walls running i n <^011^ d i r -
ections were observed on the synchrotron topograph of t h i s 
c r y s t a l . F i g . ( 6 - I 3 ) . Analysis of the contrast i n O i l 
type topographs show when £ i s perpendicular to a set of 
w a l l s , they.become i n v i s i b l e . The r u l e f o r the i n v i s i b -
i l i t y of, the w a l l s based' on the coherent t w i n model i s 
AM.£ = 0. Thus AM i s p a r a l l e l to .[OllJ . This i s 
t o be expected f o r 90° w a l l s between spins p a r a l l e l to 
<Co01^ . No i n t e r a c t i o n of domain walls w i t h a p a i r of 
d i s l o c a t i o n s d i s observed. F i g . ( 6 - I 3 ) . I t i s noticed 
t h a t the c r y s t a l was mounted on the holder i n such a way 
t h a t the lower side of i t , was i n contact w i t h a large 
q u a n t i t y of varnish and sample holder, and i t i s suggested 
t h a t i t i s the i n f l u e n c e of the cement which deforms the 
domain p a t t e r n i n the lower part of the sample. Schlenker 
et a l . (1974) also pointed out t h a t the domain s t r u c t u r e i n 
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KCoF^ was l a r g e l y influenced by stresses and when they 
glued the sample so t h a t the length of the [ o l o ] side 
i n contact w i t h the cement was reduced to about of i t s 
value i n the preceding case: the domain s t r u c t u r e which 
was then obtained consisted e s s e n t i a l l y of one T domain 
w i t h a few imbedded lamellae. Hirakawa et a l . ( 1 9 6 I ) d i d 
not detect any 49-term i n the'torque curves of KCoF^ at 
77K i n the absence of any ex t e r n a l stress. They mentioned 
t h a t any u n d i r e c t i o n a l stress along one of the edges of 
the twinned c r y s t a l , may make the sample si n g l e domain. 
I t seems t h a t the dependence of domain c o n f i g u r a t i o n on 
the mounting conditions i s very complicated. Although 
i t i s possible to ob t a i n a s i n g l e domain c r y s t a l by apply-
i n g a stress higher than the c r i t i c a l s t r e s s , i t seems tha t 
a minimum.stress i s necessary to nucleate domain walls i n 
the sample. 
Pig.(6-12) O p t i c a l micrograph of a KCoP^ c r y s t a l glued 
with a l a r g e amount of v a r n i s h . 
F i g . ( 6 - I 3 ) Synchrotron topograph of the same KCoF^ 
c r y s t a l as i n Fig.(6-12) at 4.2K. Now 
a multi-domain configuration i s observed. 
020 r e f l e c t i o n , 7° Bragg angle, 5 Gev, 
15mA, 30 seconds exposure. 
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CHAPTER SEVEN 
MAGNETOCRYSTALLINE ANISOTROPY AND THE THEORY OP 
DOMAIN WALL MOVEMENTS IN CUBIC ANTIPERROMAGNETS 
7.1 The O r i g i n of the 4Q-term i n the Torque 
Curves of KNlP^ C r y s t a l 
Hirakawa et a l . (I96I) observed t h a t when KNlP^ 
c r y s t a l s were suspended aloiig a c r y s t a l l o g r a p h i c cube 
Is 0» t ^ c 
edge, t h e i r torque curves could be expressed by the formula, 
T=C^H^Sin20-C2H^Sin49 (7-1) 
i n the antlferromagnetic region. Where H i s the magnetic 
f i e l d i n t e n s i t y , 9 the angle of r o t a t i o n . o f H r e l a t i v e to 
one of the cube axes, and the C's are constants. Later 
Parkes (1971) also observed a 49-term i n the torque curves 
of KNiP^. 
I t was Nagamiya who f i r s t i n v e s t i g a t e d the o r i g i n of 
the 49-term i n the torque curves of MnO (uchida, Kondoh, 
Nakazumi, and Nagamiya (196l)J . He proposed two possible 
mechanisms, one of which was an i n t r i n s i c feature of the 
c r y s t a l and the other was concerned w i t h r e v e r s i b l e move-
ments o f antlferromagnetic domain w a l l s . 
7.1.1 I n t r i n s i c E f f e c t 
The t o t a l anisotropy energy per u n i t volume 
of the cubic c r y s t a l c o n s i s t i n g of a si n g l e domain can be 
expressed by formula 
E=K^(a^2-^20^^+a|xi)+K2(aia|](3)+ (7-2) . 
where the K's are the anistropy constants anda's the 
d i r e c t i o n cosines of the spin axis r e l a t i v e t o the three 
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cubic axes. . Neglecting every term except the and 
considering the case i n which the c r y s t a l i s suspended 
along the JOOl] a x i s , the energy expression (7-2) i s . 
reduced t o . 
K 
E = -T^S±n^{2^) . (7-3) 
where i s . t h e small angle of d e f l e c t i o n of the spin axis 
from the e q u i l i b r i u m p o s i t i o n of the x axis Fig.(7-1). 
I f the magnetic f i e l d H i s applied i n a d i r e c t i o n 9 w i t h 
respect to the x-axis, the fr e e energy per u n i t volume 
can be w r i t t e n as 
F = -|Xj_H%n2(0+cp)-iX|| H2cos2(9+tp)+^K^Sin2(2q)) (7-4) 
Using the conditions t h a t ^ = o and <^  i s very small. 
(Xi -Xii ) o 
^ = H^Sin20 (7-5) 
Then using the expression (7-4) and (7-5) the torque T 
can be c a l c u l a t e d as: 
T = - ( | | ) = |Xj_H2sin2(0+q))-|X|| H2sin2(9+cp) 
= |(Xj_-X|| )H^(Sin29Cosap+Cos29Sin2Cp) 
>^ |(X|_- X|| )H^(Sin29+2cp Cos29) 
= | ( X | - Xil )H2sin29+^ (XL-X | | ) V s i n 4 9 
^ (7-6) 
The c o n t r i b u t i o n of d i f f e r e n t kinds of domains 
to the a c t u a l torques of the c r y s t a l has been taken i n t o 
account by Hirakawa et al.(196l) and Parkes(1971)• The 
c r y s t a l c o nsists of three kinds of domains i n each of which 
the spin axis i s d i r e c t e d along e i t h e r the x, y or z axis. 
I f the c r y s t a l I s suspended along the z a x i s , the z domain 
i s not expected t o c o n t r i b u t e to the torque i n the xy plane. 
F i g . (7-1.) The d e f l e c t i o n of the spin axis w i t h respect 
to the c r y s t a l axes i n the xy plane by the 
a p p l i c a t i o n of a magnetic f i e l d . 
Fig.(7-2) The spin d i r e c t i o n s i n two d i f f e r e n t kinds 
. of domain. The dotted l i n e shows the d i s -
placement of an antiferromagnetic domain w a l l 
' • by the a p p l i c a t i o n of a magnetic f i e l d . 
• .. A f t e r Hirakawa et a l . (196I). 
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Since i n the antiferromagnetic state the sub-
l a t t i c e magnetizations along the ±x axes are expected to 
remain c o l l i n e a r , f o r the s u b l a t t i c e along -x, the same ' 
expression f o r l p i s obtained on minimizing the free energy. 
This, i n d i c a t e s t h a t the t o t a l energy i s also a minimum. 
Therefore the t o t a l torque f o r t h i s domain i s 
^ x = (X|_-.X|j)H^Sin29+^_^(Xj_-X|| ) V s i n 4 9 (7-7) 
A s i m i l a r treatment could be applied f o r y domains, but 
because of an e f f e c t i v e change of 90° i n the applied f i e l d 
d i r e c t i o n , a change of sign of the 29-term i n the express-
io n of the -torque r e s u l t s . 
Ty = -(Xj_- X||)H^Sin29+^^(XL-X|i )^H^Sin49 (7-8) 
I f e, f and g are the f r a c t i o n s of x, y, and z domains 
r e s p e c t i v e l y 
T^+Ty = (e-f)(X_L-X|l)H^Sin294|±^(Xj_-Xll)Vsin49 (7-9) 
where e+f+g =1. 
As seen the ca l c u l a t e d torque based on an i n -
t r i n s i c c r y s t a l e f f e c t consists of 29 and 49-terms. Acc-
ording t o (7-9)^ f o r a c r y s t a l having equal volumes of 
the.three kinds of domains (e=f=g=^), the 29 c o n t r i b u t i o n 
to the- torque w i l l disappear. As seen i n the calculated 
torque expression (7-9) the 49-term i s o f p o s i t i v e sign. 
Hirakawa et a l . t h e r e f o r e concluded t h a t the proposed i n -
t r i n s i c , mechanism was- not responsible f o r the observed 
49-term i n KNIF-^. Parkes (1971), a l l o w i n g f o r the domain 
d i s t r i b u t i o n , attempted to f i t h i s r e s u l t s at low f i e l d s 
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t o the above i n t r i n s i c mechanism and estimated the value of 
magnetocrystalline anisotropy, K-^=3xlO-^erg/gm=l.2xl0^erg/cm^ 
He pointed out t h a t t h i s i s an approximation to the equal 
d i s t r i b u t i o n of three kinds of domains, (e+f=^), and should 
be checked on an annealed, s i n g l e domain c r y s t a l . Unfort-
uri a t e l y , there i s an e r r o r i n the c a l c u l a t i o n s of the torque 
expression i n Parkes' t h e s i s , and the sign of the 49-term 
should be p o s i t i v e . However, i t i s not clear whether t h i s 
a f f e c t s the conclusion as the Fourier c o e f f i c i e n t s are by 
d e f i n i t i o n a l l p o s i t i v e (square root of sums of squares) 
and i t i s not possible to determine the r e l a t i v e phase of 
the 20 and 49 components unambiguously. This c r i t i c i s m 
can also be applied to Hirakawa et a l . ' s work as i n the 
(001) plane.the [lOo] and [Olo] d i r e c t i o n s are equivalent. 
The torque.data are ambiguous on t h i s p o i nt and when two 
types of domains are introduced, ( e - f ) i n the torque ex-
pression (7-9) can have e i t h e r + or - sign depending on 
the r e l a t i v e numbers of x and y domains. One cannot deter-
mine from the torque data whether or not the i n t r i n s i c 
mechanism i s operating. 
7.1.2-. Movement of Domain Walls. 
As we saw i n section (1-3)^ i n antiferromagnets' 
the s u s c e p t i b i l i t y i s l a r g e r when the spins l i e perpendic-
u l a r to r a t h e r than p a r a l l e l to the f i e l d and hence the 
t o t a l energy of the system i s minimized f o r the perpendic-
u l a r o r i e n t a t i o n of the spins. Neel (1953) suggested t h a t 
i n an increasing applied f i e l d domain w a l l motion occurs i n 
such a way t h a t one of the domains whose spin axis i s more 
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n e a r l y perpendicular to the f i e l d w i l l expand by domain 
w a l l movement. On the other hand, the w a l l w i l l exper-
ience an e l a s t i c r e s t o r i n g force so t h a t i t w i l l s e t t l e 
at a new e q u i l i b r i u m p o s i t i o n . This k i n d of r e s t o r i n g 
f o r c e may r e s u l t from magnetic anisotropy. 
Let us apply Neel's idea t o the problem of 
movement of the w a l l s i n a magnetic f i e l d . Assuming the 
d i r e c t i o n cosines of spin axes i n one domain are (OC,p,Y) 
w i t h respect to the cubic axes, the f r e e energy per u n i t 
volume due t o the i n t e r a c t i o n w i t h the applied f i e l d can 
be w r i t t e n as, 
F = - i ^ l l H i f - |X^HL2=i(Xj_-X,| )H2(aa4]3b+Yc)2-|XLH2 (7-10) 
Here (a,b,c) are the d i r e c t i o n cosines of the applied mag-
n e t i c f i e l d w i t h respect to the cube ax i s . We can assume 
t h a t the d i r e c t i o n cosines of the spins i n the other dom-
ai n are (OC , p ,Y )• The domain boundary w a l l s h i f t s by 
a distance x, enlarging the domain i n which the spin axis 
i s more nearly perpendicular to the f i e l d and diminishing 
the other domain i n which the spin axis i s more nearly par-
a l l e l t o the f i e l d . Then the v a r i a t i o n i n the free energy 
per unit', area i s given by 
P = |x(Xj_-X|| )H2[(aa+3b+Yc)2-(a''a+3'b+Yc)^] (7-11) • 
According t o Neel's idea, there i s a r e s t o r i n g force r e -
s i s t i n g domain w a l l motion due, presumably, to the magneto-
c r y s t a l l i n e anisotropy. This leads t o a force -Cx on the 
w a l l and a f r e e energy c o n t r i b u t i o n 
+ (7-12) 
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where C i s the force constant of the r e s t o r i n g force which 
acts on the domain w a l l s . Adding (7-11) and (7-12) and 
minimizing the t o t a l energy, we have 
^ 2C (Xj_- X|| )H2[(aa+3b+Yc)2.(aa+Pb+Y c ) 2 ] (7-13) 
S u b s t i t u t i n g t h i s x i n t o the t o t a l energy increase per 
u n i t area, we have 
AF^ = -B^(Xl-X|| )V[(aa+pb+Yc)2.(aa+pVY'c)2]2 (7.14) 
As can be seen t h i s change i n the t o t a l energy i s q u a r t i c 
i n a, b, and c. Hirakawa et a l . considered t h a t the 
c r y s t a l c o nsists of two kinds of domains i n each of which 
the d i r e c t i o n cosines of the spin axis r e l a t i v e to cubic 
axes are 0,1,0 and 1,0,0, Fig.(7-2). The torque equat-
i o n around the [OOl] -axis of such a c r y s t a l , when movements 
of domain w a l l s are taken i n t o account, can immediately be 
obtained by s u b s t i t u t i n g these numerical values of the d i r -
e c t i o n cosines i n t o equation (7-l4) 
T =-^ (X_L- X||)Vsin49 (7-15) 
This equation i s given i n terms of torque per u n i t area 
of domain w a l l . I n order t o compare i t w i t h the actual 
case, the r i g h t hand side of (7-15) should be m u l t i p l i e d 
by a constant A of p o s i t i v e sign, r e l a t e d to the t o t a l 
area of the domain w a l l s . Thus the torque expression 
can be w r i t t e n as: 
T = -Tj|-(Xj_-X|| )Vsin49 (7-l6) 
Hirakawa et a l . (I961) reported t h a t t h i s equation f o r 
the 49-term was q u a l i t a t i v e l y consistent w i t h the observed 
torque of KNiP^ i n sign ( f o r temperatures <^200K ). Also 
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when they applied an increasing e x t e r n a l stress along one 
of the cubic axes, they observed t h a t the amplitude of 
the 29-teirm grew large and the 49-term diminished com-
p l e t e l y . They suggested t h a t the specimen becomes near-
l y a s i n g l e domain c r y s t a l upon applying the stress. 
7.2 Furthe r remarks on Domain Wall Movements 
Here we study the simple case of H p a r a l l e l t o [OOl], 
t h e r e f o r e i n equation (7-11), a=b=0, c = l . Consider a 
displacement x of the w a l l between a d^ domain and d^ or 
d domains, which corresponds t o a r o t a t i o n of the spins 
from the (a=i3=0, Y=l) t o the (a ,3 , Y=Cos<^) d i r e c t i o n . 
Then the v a r i a t i o n of f r e e energy per u n i t area can be 
w r i t t e n as: 
AP =. -|x(Xj_-X|| ) H ^ S l n ^ (7-17) 
The spectroscopic experiments of P e t i t et al.(l975) 
and the d i r e c t observations of domain w a l l movements i n 
KNIP^ and KGoF^ i n the present work (Chapter 8) seem to 
show t h a t not only i s there a r e s t o r i n g force -Cx r e s i s t -
i n g domain w a l l motion (presumably due to the magnetocrys-
t a l l i n e a n i s o t r o p y ) , but there i s also a viscous drag on 
2 
the w a l l due t o a coercive force BSln({). • The free energy 
c o n t r i b u t i o n due t o t h i s coercive force per u n i t w a l l area i s 
then 
xBSin^Cp (7-18) 
Then the t o t a l v a r i a t i o n of f r e e energy w i l l be 
2 
AP = -lx(Xj_-X|| ) H ^ S i n ^ + ^ ^ x B S i n ^ (7-19) 
S t a b i l i t y w i l l occur, i f we minimize AP w i t h respect to 
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X andC)) , t h a t i s 
^ ^ . 0 . . 0 = -?tn (7-20) 
d<t> 
and, 
|Af = 0 — _1(X2-X|| )H2+CX+B=O (7-21) 
i . e . . H = 2(Cx+B)" X_|-X|| - (7-22) 
Movement, only occurs when x>0, therefore i f H<t y )^ 
no movement w i l l occur. We can define a threshold f i e l d 
given by 
and s u b s t i t u t i n g the value of B from (7-23) i n t o (7-22) 
we o b t a i n 
H^-H^ 
. X =(—2G^)(Xl-X|| ) , (7-24) 
At the c r i t i c a l f i e l d , H , x=L= the domain spacing, 
and t h e r e f o r e the equation (7-24) can be w r i t t e n as: 
Using equations (7-24) and (7-25) we f i n d the w a l l d i s -
placement X i s given by 
2 2 H H 
X = U-f-^ ) (7-26) 
^ c r " ^ t h 
I f We assume t h a t no domain w a l l movement occurs and 
t h a t at a c e r t a i n c r i t i c a l f i e l d H^ spin f l o p takes place, 
then according to equation (1-28) H^ i s given by 
mm 
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I n the case of domain w a l l movement, equation (7-25) was 
obtained. For an i d e a l l y p e r f e c t c r y s t a l (H^^= 0) t h i s 
equation i s f o r m a l l y the same as (7-27) i f we replace K 
by CL, but i t i s important t o note t h a t the mechanisms 
inv o l v e d i n each d i f f e r markedly. CL, which must be 
somehow r e l a t e d t o the magnetocrystalline anisotropy, can 
be c a l l e d the e f f e c t i v e anisotropy. However the actual 
relation between the r e s t o r i n g force and anisotropy i s not 
c l e a r . 
A p p l i c a t i o n of e x t e r n a l s t r e s s along one of the cubic 
axes can also cause domain w a l l movements i n cubic a n t i -
ferromagnets. Using stres s l i n e a r dichroism, Pisarev et 
al.(1972) and Perre''et a l . (1976). have i n v e s t i g a t e d the 
magnetic, o r i g i n and evidence f o r domain w a l l movements i n 
KNiP^, KCoF^ and RbCoP^ under e x t e r n a l stresses. They 
have suggested t h a t stress applied along one of the ^10d> 
d i r e c t i o n s changes the magnetoelastic energy of the crys-
t a l and t h a t r e - o r i e n t a t i o n of spins takes place when the 
anisotropy and magnetoelastic energies are of the same 
order of.magnitude. I n t h i s case the t o t a l change of 
f r e e energy due t o the displacement x of the w a l l can be 
obtained by adding the general expressions of magneto-
e l a s t i c energy t o the r e s t o r i n g energy. 
Where 0 i s the magnitude of stress applied along the cube 
edge. Minimizing t h i s t o t a l change of free energy w i t h 
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respect t o x we o b t a i n : 
^ = ^ ^ 1 0 0 ^ (7-29) 
The size of the d^ domains increases at the expense of the 
d^ or dy domains and t h e r e f o r e the w a l l moves l i n e a r l y w i t h 
s t r e s s . Eventually, at the c r i t i c a l stress only d domains 
z 
remain and x reaches the value L of domain spacing, and 
equation (7-29) can be w r i t t e n as: 
cr - 3 X ^ ^ (7-30) 
Ferre'. et al.(1976) noticed t h a t t h e i r two sets of 
spectroscopic r e s u l t s f o r the a p p l i c a t i o n of magnetic 
f i e l d and stress were consistent. By using expressions 
(7-30) and (7-25) and n e g l e c t i n g H^j^ f o r an i d e a l l y per-
f e c t c r y s t a l the f o l l o w i n g . r e l a t i o n can be obtained: 
""or Xi-Xn ^ ^^  ^'^ 
Using the value of c r i t i c a l stress from t h e i r experiments 
on KNiF^, and assuming X^ Q^Q ^10"5 (Nouet 1973), from 
equation (7-31) they obtained H^^<^l0K0e.Considering the 
f a c t t h a t they had not taken the threshold f i e l d H^^ i n t o 
account, and t h a t the two sets of stress and f i e l d e x p e r i-
ments were performed on d i f f e r e n t samples, they found t h a t 
the two sets of experimental r e s u l t s were consistent. 
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CHAPTER EIGHT 
EXPERIMENTAL OBSERVATIONS OP DOMAIN WALL MOVEMENTS 
8.1 The Apparatus 
As we saw i n Chapter Five, the a v a i l a b i l i t y of syn-
chro t r o n r a d i a t i o n enabled low temperature topographic 
experiments to be performed i n magnetic f i e l d s up to 
14 KOe. i n these experiments the applied f i e l d was i n -
creased i n small steps i n order to f o l l o w the movements 
of the w a l l s . I n order to avoid h e a l t h hazards the beam 
area must be searched and I n t e r l o c k e d p r i o r to each expbs-
ure. This procedure takes a few minutes, whereas the 
ac t u a l exposure times are t y p i c a l l y 10 seconds f o r a beam 
current of i5niA, at 5 Gev. The step by step experiments 
u s u a l l y comprised 20 successive exposures i n d i f f e r e n t 
f i e l d s . . I t was a laborious and time consuming job to 
search and I n t e r l o c k the beam area f o r each topographic 
exposure. By mounting s i x nuclear emulsion plates on a 
motor d r i v e n wheel i n s i d e a lead l i n e d l i g h t t i g h t box. 
Fig.(8-1), the p l a t e s could be changed remotely without 
e n t e r i n g the beam area. Thus.the experimental time was 
reduced s i g n i f i c a n t l y . The current through the magnet 
was changed from outside the beam area, thus f o r each ex-
posure the' magnetic f i e l d could be c o n t r o l l e d remotely. 
Topographs were taken i n sequence as the f i e l d was raised 
i n steps of about 0.5 KOe. 
8.2 Domain Wall Movement i n KNiP^ 
The magnetic f i e l d studies were performed on a h i g h l y 
.WW 
4 
Fig.(8-1) Remote c o n t r o l camera f o r sequential synchrotron 
topography. Six nuclear emulsion p l a t e s , P, are 
mounted on a motor driven wheel. These can be 
r o t a t e d by operating the r e l a y box, R, so t h a t 
each p l a t e appears s e q u e n t i a l l y behind the X-ray 
window W. The lead p l a t e L prevents the beam 
fogging the p l a t e s . 
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p e r f e c t KNIF^ c r y s t a l . Fig.(4-3). I t was found t h a t on 
coo l i n g through Tj^ the domain p a t t e r n could be Influenced 
by f i e l d s as low as 0.1 KOe. This i s consistent w i t h the-
f a c t t h a t near Tj^ the spins e a s i l y o r i e n t themselves per-
pendicular to a small magnetic f i e l d . For a f i e l d app-
l i e d along [olo] , w a l l s between domains w i t h spins p a r a l l e l 
to [poij and [lOo) predominate. The s u s c e p t i b i l i t y i s 
l a r g e r when the spins are perpendicular r a t h e r than p a r a l l -
e l t o the f i e l d and hence the t o t a l energy of the system 
I s minimized. P e t i t et a l . (1975) also noticed t h i s e f f e c t 
i n t h e i r i n d i r e c t domain w a l l studies i n KNiP^. 
The f i r s t sequence of topographs was taken i n steps 
of i n c r e a s i n g magnetic f i e l d up to 13 KOe at lOOK using 
the glass c r y o s t a t w i t h cold f i n g e r . The re s i d u a l f i e l d 
of the electromagnet f o r a gap of 2.5 cm was 0.2 KOe. 
The c r y s t a l was cooled i n the absence of a magnetic f i e l d 
and then the c r y o s t a t was mounted on the electromagnet. 
The f i e l d d i r e c t i o n was h o r i z o n t a l and p a r a l l e l to [Olo]. 
As seen i n Flg.(8-2a), the domain c o n f i g u r a t i o n comprised 
of three sets of w a l l s running i n [olo] and [oilj d i r e c t -
ions. Fig.(8-2) shows t h a t as the f i e l d i s increased, a 
s i g n i f i c a n t domain w a l l motion takes place. The [010_ 
w a l l s are between domains already perpendicular to the 
f i e l d . As expected, they do not move. The-(jDll/" o r i e n -
ted walls.do not move u n t i l a threshold f i e l d H^^ i s passed. 
Thereafter they move continuously as the f i e l d i s increased. 
At a c r i t i c a l f i e l d H these walls disappear completely 
from the c r y s t a l . I n t h i s experiment the threshold f i e l d 
was found t o be 1±0.2. KOe and the c r i t i c a l f i e l d 4±0.5' KOe. 
1mm 
• t 
H=0.8 KOe a H =1-2 KOe 
H=2.5 KOe 
Fig.(8-2) Synchrotron topographs of antiferromagnetic 
, domains i n KNIF^ at lOOK i n increasing f i e l d 
steps applied p a r a l l e l t o [OlOj. D i f f r a c t i o n 
from (001) planes w i t h a Bragg- angle of 5°. 
4 Gev, 15 mA, 10 seconds exposure on I l f o r d L4, 
- 25 ( i m emulsion. As the f i e l d i s increased 
the < ^ l l ) > o r i e n t e d walls gradually move and 
' i n H.= 4 KOe a l l of them disappear.. No move-
ment of [010 o r i e n t e d w a l l s . 
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Fig..(8-^3) shows another series of topographs taken 
at .4.2K i n increasing f i e l d steps. I n t h i s series of 
micrographs we can f o l l o w the movement of the.two sets 
of <:^ 011^  o r i e n t e d w a l l s . The data f o r t h i s run show th a t , 
the t h r e s h o l d and c r i t i c a l f i e l d s were.2.2+0.2 KOe and 
4.5+0.5 KOe r e s p e c t i v e l y . When a l l the <(pil> oriented 
w a l l s moved as shown i n Pig.(8-3e), while the c r y s t a l was 
s t i l l at.4.2K, the current through the magnet was decreased 
to zero (H=0.1 KOe f o r a gap of 5 cm between the pole pieces 
of the electromagnet). Then i n t h i s c o n d i t i o n another 
topograph was taken, Pig.(8-3f). As seen, again the <j011^ 
w a l l s were nucleated only i n the region X, and the domain 
p a t t e r n i s not e x a c t l y the same as i n Pig.(8-3a). Here 
one may suggest t h a t the domain w a l l movement up to a c e r t -
a i n distance i s a r e v e r s i b l e mechanism. While the speci-
men was s t i l l at 4.2K, the c r y s t a l was r o t a t e d through 45° 
i n the v e r t i c a l plane. The f i e l d d i r e c t i o n was then par-
a l l e l t o I n t h i s c o n d i t i o n , topographs were taken 
s e q u e n t i a l l y as the f i e l d was increased. Fig.(8-4). Now 
the f i e l d can exert a force on the [oio'] oriented walls and 
cause t h e i r movements. As expected the [Ol'l] oriented 
w a l l s which are p a r a l l e l to the f i e l d d i r e c t i o n remain im-
mobile. 
Equation (7-10) p r e d i c t s t h a t f o r the [ O l l j oriented 
magnetic f i e l d , the magnitude of the e f f e c t i v e f i e l d e x ert-
Ing force on [OlOj o r i e n t e d walls should be ( 2 ) ^ times i t s 
magnitude i n the case of a [olo] o r i e n t e d f i e l d . . Therefore 
we can w r i t e 
. «orC01l]=l-*«cr[010] 8"^ 
H=0.1KOe a H=2 KOe 
H = 2.4 c H=3.5 KOe 
H=4.5K0e H =0-1 KOe 
Fig,(8-3) Synchrotron topographs of the same c r y s t a l of 
KNiF^ at 4.2K I n increasing steps of f i e l d 
a p p l ied p a r a l l e l t o [oio] . D i f f r a c t i o n from 
(001) planes w i t h a Bragg angle of 8°. 
4 Gev, 10 mA, 20 seconds exposure. Movement 
of the ^ 0 1 ^ o r i e n t e d w a l l s can be observed. 
H=0.1 a H=3.2 KOe 
A 
H=6-4 KOe 
Fig.(8-4) Synchrotron topographs of the same c r y s t a l of 
KNiF^ at 4.2K when the c r y s t a l was ro t a t e d 45° 
i n the v e r t i c a l plane. Now the magnetic f i e l d 
was applied p a r a l l e l to [ o i l . As the f i e l d 
increased the [Olo] o r i e n t e d w a l l s s t a r t e d t o move. 
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and 
« t h [ o i i ] = i - ^ H ^ h L o i o ] . 8-2 
Fig.(8-4) shows t h a t the [olO oriented w a l l s s t a r t e d to 
move at H^j^=5.3+0.2 KOe. Because of the r e l a t i v e l y wide 
t a i l of the Meric 6ryostat (5 cm), only the maximum f i e l d 
of 6.4- KOe at the specimen could be achieved. However 
Fig.(8-4c) shows t h a t a l l the 010 or i e n t e d w a l l s i n the 
lower p a r t of the specimen have moved i n t h i s f i e l d and 
the c r i t i c a l f i e l d could be estimated to be 6.5±0.5 KOe. 
This experiment provides f u r t h e r d i r e c t v e r i f i c a t i o n of 
Ne^'el's theory. The values of H^^ and H^^ i n the [011~\ 
and [olo] o r i e n t e d f i e l d experiments are i n agreement w i t h 
the p r e d i c t e d r e s u l t s , equations (8-1) and (8-2). Table 
(8-1) shows the values of H^^ and H^^ obtained i n d i f f e r e n t 
c o o l i n g runs. 
8.5 Domain Wall Movements i n KCoF^ 
Domain w a l l movements i n KCoF^ were followed i n f i e l d s 
up to.14 KOe at 77K. A KCoF^ c r y s t a l . F i g . ( 4 - 8 ) , was 
mounted- very c a r e f u l l y w i t h only a very small amount of 
varnish at one corner. As seen i n Fig.(8-5) the domain 
c o n f i g u r a t i o n consists of only one domain w a l l . 
The si n g l e domain w a l l c o n f i g u r a t i o n i s an i n t e r e s t i n g 
case f o r domain w a l l motion studies. I n t h i s case one i s 
able t o . f o l l o w the movement and the p o s i t i o n of the w a l l i n 
an increasing f i e l d over a large distance. Fig.(8-5) shows 
a series of topographs of the KCoF^ c r y s t a l taken i n steps 
of f i e l d s up to 14 KOe. The f i e l d d i r e c t i o n i s p a r a l l e l 
H=2.2KOe 
H=7.2KOe 
H=9-4K0e 
H=14K0e 
Fig.(8-5) Movement of an antiferromagnetic domain w a l l i n 
KCoF^ i n d i f f e r e n t f i e l d s up to 14 KOe at 77K. 
Synchrotron topographs, (010) r e f l e c t i n g planes, 
5° Bragg angle, 4 Gev, 5mA, 7 minutes exposure 
on I l f o r d L4, 25|im Nuclear emulsion. 
H^(KOef 
300j 
2004 
100^ 
Theoretical Curve ^ r 
=16.5+0-5 KOe 
T 
x=L 
0.1 6,2 03 OA ots 06 o j 08 o!:9 to 1\—^^("^"^) 
F i g . (8-6) -"Domain " ' a l l p o s i t i o n i n a KCoF^ c r y s t a l as a -
2 
• f u n c t i o n of H". The displacement of the v/all 
sho-.vn i n Fig.'(8-5 ) was measured i n a sequence 
of topographs taken i n increasing f i e l d steps. 
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to foio] . The w a l l movement i s c l e a r l y v i s i b l e . This 
experiment shows t h a t as the f i e l d increases, the volume 
of the domain I increases at the expense of the domain I I , 
and ev e n t u a l l y at the c r i t i c a l f i e l d , the whole specimen 
becomes s i n g l e domain w i t h spins perpendicular to the f i e l d 
d i r e c t i o n . I n Fig.(8-5d) the w a l l has nearly disappeared 
from t h e . c r y s t a l . This topograph was taken at the maximum 
a v a i l a b l e f i e l d . 
Using Neel's theory, the displacement of the w a l l I s 
given by equation (7-25), ^ = L ( H ^ - H ^ ^ ) / ( H ^ — H ^ ^ ) . The 
p o s i t i o n of the w a l l was measured I n a l l topographs which 
were taken I n d i f f e r e n t f i e l d s . Fig.(8-6) shows the p l o t 
2 
of the domain w a l l displacement versus H . This p l o t shows 
very good agreement w i t h the t h e o r e t i c a l p r e d i c t i o n . The 
c r i t i c a l f i e l d and the threshold f i e l d are estimated by 
e x t r a p o l a t i o n . At the c r i t i c a l f i e l d the w a l l disappears, 
t h a t I s , the displacement x equals the i n i t i a l distance (L) 
of the w a l l from the corner of the c r y s t a l . Domain move-
ment studies on the same c r y s t a l w i t h a multi-domain con-
f i g u r a t i o n revealed t h a t , w i t h i n the experimental e r r o r , 
the magnitudes of the c r i t i c a l f i e l d and the threshold f i e l d 
were Independent of the domain c o n f i g u r a t i o n . The f i e l d 
magnitudes were approximately the same as I n the case of 
the one domain w a l l c o n f i g u r a t i o n . Table (8-2). 
8.4 The R e v e r s i b i l i t y of the Domain Wall Movements 
I n KCoF^ 
I n order to I n v e s t i g a t e the r e v e r s i b i l i t y of the domain 
w a l l s , a series of topographic experiments were performed 
i n such a way t h a t the f i e l d was a l t e r n a t e l j ' raised and 
1mm 
H=0.2KOe H=14K0e 
H=0.2KOe 
Fig.(8-7) Reversible movements of domain walls i n a crys-
t a l of KCoF-^  at 77K. Synchrotron topographs, 
(010) r e f l e c t i n g planes, 7° Bragg angle, 4 Gev, 
10mA, 7 minutes exposure. 
lOOiom 
H=o.: 
Pig.(8-8) Reversible movement of a domain w a l l I n an 
enlarged part of the same KCoF^ c r y s t a l at 77K. 
Synchrotron topographs, (010) r e f l e c t i n g planes, 
7° Bragg angle, 4 Gev, 10mA, 7 minutes exposure. 
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switched o f f . Fig.(8-7a) was taken i n H=0.2 KOe, and 
Fig.(8-7b) was taken a f t e r the f i e l d was increased to 
H=l4 KOe. As seen the walls X and Y disappear, and the 
w a l l Z moves towards the corner of the c r y s t a l . Now the 
current through the magnet was switched o f f and another 
topograph was taken, F i g . ( 8 - 7 c ) . Again the walls X and 
Y appear, and the w a l l Z moves back to i t s o g i g ^ a l ^ r p o s i -
t i o n . Fig.(8-8) shows the enlargement of one part of the 
c r y s t a l i n which the domain w a l l motion has been studied. 
By applying a f i e l d of H=6 KOe the w a l l T moves towards the 
edge of the c r y s t a l , and again on removing the f i e l d the 
w a l l r e t u r n s to i t s o r i g i n a l position.' As soon as the 
magnetic f i e l d i s switched o f f , the r e s t o r i n g force -Cx 
which r e s i s t s the w a l l movement pushes the w a l l to i t s 
o r i g i n a l p o s i t i o n . The r e v e r s i b i l i t y of the w a l l move-
ment demonstrate t h a t a long range r e s t o r i n g force i s indeed 
operating..' 
8.5 S u s c e p t i b i l i t y Measurements on Single C r y s t a l of KNiF^ 
The powder s u s c e p t i b i l i t y measurement of KNiF^ by 
Hirakawa et a l . (1960) i s the only e x i s t i n g data. F i g . ( 1 - 4 ) . 
They obtained a peak s u s c e p t i b i l i t y of 1.32xlO"^emu/g. I n 
the paramagnetic region the s u s c e p t i b i l i t y r e s u l t s obeyed 
the Curie-Weiss law above 400K w i t h 0=84OK and p=4.39 (P i s 
the e f f e c t i v e Bohr magneton number). They thought t h a t the 
observed 9 andP were m u s u a l l y large, compared w i t h T^^^=275K 
max 
and p=2|/s(S+l)=2.82 f o r free spin value of Ni^"^. ^  I n order 
to i n t e r p r e t t h i s they t e n t a t i v e l y subtracted a temperature 
-6 
independent s u s c e p t i b i l i t y X =5.5x10" emu/g from the ob-
served paramagnetic s u s c e p t i b i l i t i e s and obtained the 
110 
corrected values of 0 and p as 30OK and 2.80, r e s p e c t i v e l y . 
They suggested t h a t could be due t o the Van Vleck para-
magnetism plus a small part of dlamagnetlsm due to the con-
s t i t u e n t nonmagnetic i o n cores. 
I n the case of KNIF^, having S=l, spin-wave theory 
p r e d i c t s a 13^ reduction i n X|_(0), de Jongh and Mledema 
(1974). One may put Xp(0)=|Xj_(0)+X^^ and ca l c u l a t e the 
experimental X|_(0) from the measured Xp(0 )=9xlO~^emu/g, 
F i g . ( 1 - 4 ) , and the temperature independent Van Vleck term 
Xyy=2.4xl0"^ as determined by Lines (I967). The r e s u l t s 
Xj_(0 )=9.9xlO~^emu/g may be compared with, the value f o r 
Xj_(0)=ll. Ixl0"^emu/g c a l c u l a t e d w i t h g=2.25 and J/k=44K. 
The apparent reduction i s approximately 15^, i n reasonable 
agreement w i t h expectation, considering the u n c e r t a i n t i e s 
Involved. 
Several as-grown s i n g l e c r y s t a l s of KNIF^ w i t h cubic 
shape of about Jimm on edge were selected f o r s u s c e p t i b i l i t y 
measurements. These measurements were k i n d l y performed 
by Dr. D. Reed at Leeds U n i v e r s i t y . The f i e l d was applied 
along a f i o o j d i r e c t i o n which i s one of the antiferromagnetic 
axes of the c r y s t a l . The measurements show tha t i n the 
region of 6-10 KOe the s u s c e p t i b i l i t y s t a r t s to r i s e grad-
u a l l y . The powder s u s c e p t i b i l i t y measurements of Hirakawa 
et a l . d i d not show any f i e l d dependence. The f i e l d de-
pendence I n the present work i s due to the domain e f f e c t s 
e x i s t i n g i n the unstrained s i n g l e c r y s t a l . The mechanism 
responsible f o r t h i s gradual change i n the s u s c e p t i b i l i t y 
i s the domain w a l l motion. The s u s c e p t i b i l i t y i n domains 
o r i e n t e d p a r a l l e l to the f i e l d i s n e g l i g i b l e and the ob-
I l l 
served macroscopic s u s c e p t i b i l i t y arises s o l e l y from the 
f r a c t i o n of domains o r i e n t e d perpendicular to the f i e l d . 
As the f i e l d i s increased the spins p a r a l l e l to the f i e l d 
d i r e c t i o n w i l l r o t a t e v i a domain w a l l motion to'the per-
pendicular d i r e c t i o n and the macroscopic s u s c e p t i b i l i t y 
g r a d u a l l y increases. Above the c r i t i c a l f i e l d the domains 
w i t h spins perpendicular to the f i e l d d i r e c t i o n are favoured. 
Accordingly, f o r f i e l d s exceeding t h i s value, measurements 
i n any d i r e c t i o n w i l l y i e l d the perpendicular s u s c e p t i b i l i t y , 
since w i t h the f i e l d p a r a l l e l to the easy axis the moments 
w i l l have swung t o the perpendicular o r i e n t a t i o n . This i s 
the c l a s s i c behaviour of a model Heisenberg system. The 
mechanism d i f f e r s markedly from the catastrophic spin f l o p 
i n u n i a x i a l antiferromagnets. I n the case of catastrophic 
spin f l o p , i n a f i n i t e i n t e r v a l of f i e l d near H^, the a n t i -
ferromagnetic vector I.'^ M^ -Mg turns from the d i r e c t i o n of 
the easy axis (Antiferromagnetic s t a t e ) to tha t perpendic-
u l a r t o ' i t . Since the spins t i l t s l i g h t l y towards the 
f i e l d d i r e c t i o n , a net magnetization M=M^ +Mg w i l l r e s u l t . 
Therefore at a c r i t i c a l f i e l d a sudden increase i n 
magnetization occurs. On the contrary, the measurements 
of magnetization i n KNiF^ reveal t h a t i n an increasing 
f i e l d a gradual change i n the magnetization takes place, 
and the slope of the magnetization curve changes i n the 
region of 6 KOe, F i g . ( 8 - 9 ) . I n other words a s u b l a t t i c e 
magnetization perpendicular to H, i s achieved w i t h a f i e l d 
around 6 KOe. Both d i r e c t observations of domain w a l l 
motion and the s u s c e p t i b i l i t y measurements i n the present 
work confirm t h a t there i s no doubt t h a t spin f l o p i n cubic 
0 6 8 10 
H ( K O e ) 
12 U 16 
Fig. ( 8 -9 ) F i e l d dependence of the f i e l d induced magnet-
i z a t i o n I n KNlF^ single c r y s t a l at 60K. 
( S u s c e p t i b i l i t y i s given by the slope of the 
graph). 
en 
13 
E 
I 
o 
0 50 100 150 200 2 5 0 300 350 
T ( K ) 
Fig. (8-10) The pr e l i m i n a r y s u s c e p t i b i l i t y data from a 
. . si n g l e c r y s t a l of KNiF^ as a f u n c t i o n of 
temoerature at 16 KOe. 
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antlferromagnets occurs v i a domain w a l l motion. 
C r y s t a l s used f o r s u s c e p t i b i l i t y measurements were • 
about 3mm .thick, and due to the high X-ray absorption. 
X-ray topographic assessment was not possible. Although 
the c r y s t a l s w i l l be of comparable p e r f e c t i o n to those 
i l l u s t r a t e d i n Chapter Four, they w i l l contain more defects 
due t o the l a r g e r volume of m a t e r i a l . Domain walls could 
e a s i l y be pinned by the imperfections and hence compared 
w i t h the d i r e c t observations of domain w a l l movements i n 
h i g h l y p e r f e c t t h i n s l i c e s , higher c r i t i c a l . f i e l d s are 
expected. , 
Preliminary s u s c e p t i b i l i t y measurements (Fig.8-10) 
as a f u n c t i o n of temperature i n f i e l d s of l 6 KOe y i e l d an 
extr a p o l a t e d value of 'Xj_(0)=10.7xlO"^emu/g. This i s i n 
good agreement w i t h Lines (I967) t h e o r e t i c a l value of 
Xl(0)=ll.lxlO"^emu/g. 
8.6 E f f e c t i v e Anlsotropy of KNIF^ and KCoF-^  c r y s t a l s 
Equation (7-2 5) which r e l a t e s CL to the c r i t i c a l and 
threshold f i e l d s was derived on the basis of Neel's ideas 
and can be w r i t t e n as: 
0L=|(H2^-Ha^)(XL-X||) (8-?) 
H and H., were measured i n the experiments on domain cr t h . 
w a l l motion i n d i f f e r e n t c o o ling runs, and t h e i r values f o r 
KNIF^ arid KCoF^ are shown i n Table (8-1) and (8-2) respect-
i v e l y . • • 
At low temperaturesX| I i s very small compared wlthXj^ • 
Thus X|I can be neglected at low temperatures. The value 
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ofX|^ f o r KNiF^ can be obtained from the s u s c e p t i b i l i t y 
measurements i n the present work. Fig.(8-10). Unfort-
unately there i s only a powder s u s c e p t i b i l i t y measurement 
a v a i l a b l e f o r KCoF^, F i g . ( l - S ) . For a simple Heisenberg 
antiferrpmagnet at T=0,X]J=0 and also Xj^=Xp(T=Tj^). A l -
though the act u a l value of Xj^ at low temperatures w i l l be 
less than t h a t p r e d i c t e d by t h i s simple model, i t i s a 
reasonable approximation t o assume Xj^-X| | '^Xj_=Xp(T=Tj^) • 
S u b s t i t u t i n g the appropriate values of s u s c e p t i b i l i t i e s , 
H^^ and H^^ i n t o equation (8-3), values of CL f o r KNiF^ and 
KCoF^ can .be - obtained. Table (8-1) shows the values of CL 
f o r KNiF^ r e s u l t i n g from domain w a l l motion studies i n a 
number of coo l i n g runs. A l l these experiments were per-
formed on one h i g h l y p e r f e c t c r y s t a l s l i c e . 
TABLE (8-1) 
Cooling runs F i e l d d i r e c t i o n T(K) H,^(KOe) CL( erg/cm-^) 
A, Fig.(8-2) [olo] 100 i i o . 2 4-0.5 (3.1^0.9)10^ 
Fig.(8-3) 
B, 
[olo] 4.2 2.2^0.2 4.5-0.5 (3.2±1.1)10^ 
Fig.(8-4) [Oil] 4.2 3.2^0.5 6.5-0.5 (3.4^1)10^ 
C, not' shown [Oil] 100 4±0.5 7-0.5 (3.5-1.2)10^ 
D, not shown [oloj 100 1.5-0.2 4^0.5 (2.9-1)10^ 
E, not shown [oloj 4.2 1.2±0.2 2.8-0.2 (1.3-0.3)10^ 
The values of H,, , H^^ and CL (the e f f e c t i v e anisotropy) 
f o r a KNiF-^ c r y s t a l . 
114 
Note t h a t the r e l a t i o n (8-3) f o r CL was obtained f o r the 
case of the [oio] o r i e n t e d f i e l d s . For the [ O l l j o r i e n t e d 
f i e l d experiments, according to r e l a t i o n s (8-1) and (8-2) 
the e f f e c t i v e magnitudes of the c r i t i c a l and threshold 
f i e l d s have been used f o r the c a l c u l a t i o n of CL. 
As the topographic experiments were performed i n i n -
creasing steps of f i e l d s , one could not measure the accu-
r a t e values.for H^^ and H^^. However, by c a r e f u l inspec-
t i o n of a series of micrographs the range of f i e l d s i n which 
domain w a l l movement s t a r t e d (H^j^) and the range i n which 
domain w a l l s disappeared, (H ) were measured. Tables (8-1) 
and (8-2). Using a flu o r e s c e n t screen and an image i n -
t e n s i f i e r a d i r e c t X-ray topographic image may be obtained 
which can be viewed v i a a closed c i r c u i t t e l e v i s i o n system, 
Lang and R e i f s n i d e r (1969). Using a fluorescent screen 
and a v e r y . s e n s i t i v e TV camera, (but no image i n t e n s i f i e r ) 
d i r e c t viewing was attempted i n order t o see the dynamical 
w a l l motion and hence enable more accurate measurements of 
H^^ and H^j^ to be made. Unfortunately, due to the poor 
r e s o l u t i o n and high noise l e v e l obtained, dynamic topo-
graphic observations were not successful. 
Domain c o n f i g u r a t i o n s i n successive coolings were not 
reproducible. As seen i n Table (8-1) the values of CL f o r 
d i f f e r e n t domain c o n f i g u r a t i o n s were more or less the same-, 
except i n experiment E, where there i s a marked d i f f e r e n c e . 
I n experiment E only h a l f of the c r y s t a l was imaged on the 
photographic emulsion, i t can not be determined whether or 
not a l l . the domain w a l l s had disappeared from the whole 
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c r y s t a l i n the measured c r i t i c a l f i e l d . I n d i r e c t spectro-
scopic studies of P e t i t et a l . (1975) also showed t h a t the 
c r i t i c a l f i e l d depends on the c r y s t a l shape and i t s t h i c k -
ness and v a r i e s from 8 to 22 KOe f o r t h e i r samples (0.2 to 
14 mm). 
The mechanism involved i n the spectroscopic studies 
of P e t i t et a l . and Perre et a l . i s the same as i n the pre-
sent work, i . e . domain w a l l motion. However they reported 
higher values f o r H , and gave a value of lO^erg/cvP f o r 
CL which i s higher than the values obtained by d i r e c t meas-
urements. Table (8-1). I n order to f o l l o w the domain w a l l 
motion and measure the c o r r e c t values of H^^ and H^j^ i n 
KNiF^, very h i g h l y p e r f e c t c r y s t a l s are needed. Topo-
graphic observations of domain w a l l movements i n the crys-
t a l s c o n t a i n i n g imperfections such as strong growth bands 
revealed t h a t the w a l l s could e a s i l y be pinned by the imper-
f e c t i o n s . The q u a l i t y of the c r y s t a l s used by P e t i t et a l . 
have been assessed by X-ray topography (Baruchel,private 
communication) and are of much lower p e r f e c t i o n than our 
c r y s t a l s . The imperfections i n t h e i r c r y s t a l s w i l l p i n 
the domain w a l l s and hence higher values f o r the c r i t i c a l 
f i e l d are expected. 
The values of H^^, H^^, and CL f o r KCoF^ i n d i f f e r e n t 
c o o l i n g runs are shown i n Table (8-2). 
TABLE (8-2) • 
Cooling runs F i e l d d i r e c t i o n T(K) H^^(KOe) CL(erg/cm^) 
— ' ' J i— 
A, Fig.(8-5) [010] 77 3^0.2 16.5-0.5 (2.9-0.2)10^ 
B, not shown [pio] 77 5-0.5 16^0.5 (2.5-0.2)10^ 
The values of H^^, H^^ and CL f o r a KCoF^ c r y s t a l . 
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Moch and Dugautier (1973) observed a one magnon l i n e 
centred at 4.5 cm"''- or 45 KOe i n the Raman spectra of KNiF^. 
They suggested t h a t a t , t h i s f i e l d spin f l o p occurs, and de-
er 
duced the anisotropy value of Kci 10-^erg/cm^. I n d i r e c t spect-
roscopic experiments of Pisarev et a l . (1972, 1974) and Ferre'' 
et a l . ( l 9 7 3 ) showed t h a t spin f l o p occurs v i a domain w a l l 
motion at a- c r i t i c a l f i e l d ' of 7 KOe. A f t e r such a trans-
i t i o n they d i d not observe any other change i n the shape of 
the magnetic c i r c u l a r dichroism spectra of KNiF^ up t o 48 KOe, 
Therefore the mechanism Involved i n the experiment of Moch 
and Dugautier d i f f e r s from the domain w a l l motion. 
8.7 Discussion 
KNiF^ and RbMnF^ are most c e r t a i n l y the best approxi-
mations of the nearest neighbour only Heisenberg model known 
at present. Below 82K RbMnF^ becomes antiferromagnetic w i t h 
spins a l t e r n a t i n g along cubic edges. From X-ray studies 
Teaney et. a l . (1966) concluded t h a t departures from cubic sym-
metry l a r g e r than a few parts i n 10^ were not present. Wind-
sor and Stevenson (1966) found no detectable next nearest-
neighbour i n t e r a c t i o n s , and determined the nearest neighbour 
exchange as J/k=-3.4+0.3K. The anisotropy of RbMnF^ has 
been measured and i s a minute H^/Hg=5xlO~ Due to the 
small value of the anisotropy above 3 KOe the s u s c e p t i b i l i t y 
was found t o be i s o t r o p i c , De Jongh and Miedema (1974). For 
f i e l d s higher than t h i s value the spins o r i g i n a l l y p a r a l l e l 
to the f i e l d d i r e c t i o n w i l l have r o t a t e d t o the perpendicular 
o r i e n t a t i o n , and s u s c e p t i b i l i t y measurements i n any d i r e c t i o n 
w i l l produce-the perpendicular s u s c e p t i b i l i t y . This behav-
i o u r i s s i m i l a r to the present s u s c e p t i b i l i t y measurements 
of KNIF^.-. ' 
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Classica.1 X-ray studies of KNiF^ below Tj^ revealed no 
d i s t o r t i o n from the cubic perovskite s t r u c t u r e . Fig.(1-6). 
However from the contrast of domain w a l l s on X-ray topo-
graphs i t was concluded t h a t there i s a small tetragonal 
d i s t o r t i o n 10~^<f<^10~^. As a consequence of such high 
cubic symmetry of the magnetic l a t t i c e , the c o n t r i b u t i o n of 
magnetic . d i p o l e - d i p o l e i n t e r a c t i o n s to the* anfsotropji' i n 
KNiF-^ i s expected to be n e g l i g i b l e . The evidence of Ic -OW 
anisotropy i n RbMnF^ supports t h i s p o i n t . 
Unlike KNiF^, the. u n i t c e l l of KCoF^ c r y s t a l undergoes 
a considerable d i s t o r t i o n (^^3.5x10"^ at 4.2K), Fig. (1-7). 
a . 
Due t o t h i s departure from the cubic symmetry the di p o l e -
d i p o l e i n t e r a c t i o n s c o n t r i b u t e to the anisotropy energy of 
the KCoF^ system. The o r b i t a l angular momentum of the 
+2 
Co i o n i s not quenched by the octahedrally co-ordinated 
c r y s t a l f i e l d . Buyers et a l . ( l 9 7 l ) ^ and t h i s gives r i s e to 
the p o s s i b i l i t y of a n i s o t r o p i c magnetic i n t e r a c t i o n s between 
the ions. Therefore the value of the anisotropy energy i n 
KCoF^ i s expected to be higher than i n KNiF^. 
The values of CL f o r KNiF^ and KCoF^ were deduced from 
the data of domain.wall studies. Tables (8-1) and (8-2) 
show t h a t the value of CL i n KCoF^ i s two orders of magni-
tude higher than i n KNiF^.. Although the r e l a t i o n between 
CL and the magnetocrystalline anisotropy i s not cl e a r , a 
higher value of magnetocrystalline anisotropy i s expected 
f o r KCoF;^  compared t o KNiF^. 
The stress- induced l i n e a r dichroism experiments of 
Ferre e t . a l . (I976) suggest the spin f l o p i n RbMnF^ occurs 
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v i a domain w a l l motion. I n RblVlnF^ the antiferromagnetlc 
resonance and s u s c e p t i b i l i t y data (Teaney and Preiser, 1962) 
and the spectroscopic data are consistent. However, f o r 
KNIF^ the antlferromagnetlc resonance data (Cu r a t e l l a et a l . , 
1976) and one magnon Raman data (Moch and Dugautier, 1973) 
are not consistent w i t h the spectroscopic data of Ferre et 
al. (1976) and P e t i t et a l . ( l 9 7 5 ) , and the present experi-
ments on domain w a l l motion and s u s c e p t i b i l i t y . This 
discrepancy f o r KNIF^ remains a puzzle. 
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SUGGESTIONS FOR FURTHER EXPERIMENTS 
The a v a i l a b i l i t y of synchrotron r a d i a t i o n and the 
r e l a x a t i o n of the geometrical l i m i t a t i o n s on X-ray topo-
graphy enables many new experiments to be performed. 
For example, experiments i n v o l v i n g the a p p l i c a t i o n of an 
e x t e r n a l stress to c r y s t a l s at l i q u i d n i t r o g e n temperat-
ures becomes hardly more d i f f i c u l t t o perform than the 
equivalent experiment at room temperature. The whole 
stralmnj j i g can be Immersed i n l i q u i d n i t r o g e n i n an ex-
panded polystyrene trough, then by applying stress, d i r -
ect observation of domain w a l l motion i n KNIF-. and KCoF^ 
3 3 
could be performed. This ki n d of experiment i s st r o n g l y 
recommended. 
The magnetostrictive d i s t o r t i o n of KCoF^ i s known 
accur a t e l y . Therefore by measuring the c r i t i c a l stress 
and using the present c r i t i c a l f i e l d data on KCoF^, one 
can t e s t the theory which r e l a t e s (J^j^j H^ ^ and X-^QQ) 
(equation 7 -31) . Furthermore attempts could be made to 
measure the c r i t i c a l s tress i n KNIF^ by d i r e c t topographic 
studies. Relating the c r i t i c a l stress to the present data 
on c r i t i c a l f i e l d , one can estimate the magnetostriction 
constant f o r KNlFy High p r e c i s i o n measurements of the 
magnetostrictive d i s t o r t i o n of KNIF^ by double c r y s t a l 
d i f f r a c t o m e t e r should also be performed and compared w i t h 
the estimate obtained from domain studies. 
S i m i l a r domain w a l l motion studies on h i g h l y p e r f e c t 
RbMnF^ c r y s t a l s , (another.good Heisenberg system) should 
be performed. This k i n d of experiment can determine the 
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value of the e f f e c t i v e anisotropy CL. Then by comparing 
the value of CL w i t h the reported value of the magneto-
c r y s t a l l i n e anisotropy i n RbMnF^, a clue o r i g i n of CL i n 
cubic antiferromagnets might be obtained. 
T h e o r e t i c a l l y , attempts should be made to i n v e s t i g a t e 
the o r i g i n of the r e s t o r i n g force r e s i s t i n g domain, w a l l 
motion. Also more t h e o r e t i c a l work on the c o n f i g u r a t i o n of 
the spins i n s i d e an antiferromagnetic domain w a l l could 
provide b e t t e r understanding of the energy and thickness 
of the w a l l . 
APPENDIX 
The s t r u c t u r e f a c t o r F ( h k l ) i s . d e f i n e d by 
F ( h k l ) = j ; . f . exp 2n;i(hu.+kv.+lw.) A-1 
3 3 . 3 3 3 
u,v,w being the f r a c t i o n a l coordinates of the centre of 
the atom whose s c a t t e r i n g f a c t o r i s . f times that of a 
si n g l e c l a s s i c a l e l e c t r o n , the summation being taken over 
a l l the atoms i n the u n i t c e l l . 
KMP^ c r y s t a l s are of the perovskite s t r u c t u r e . Fig. ( 1 - 3 ) 
2+ 
Each d i v a l e n t metal M i s surrounded octahedrally by s i x 
F~ ions.at face-centres, while at each cube corner there i s 
a K"*" i o n ; Taking one of the atoms M as o r i g i n , i n each 
u n i t c e l l the co-ordinates of K, F and M are: 
M: 000 
. F: OOi, too, 0^0 
IV . 222 
Using the equivalent p o i n t coordinates f o r each kind of 
atom, the r e l a t i o n A-1 can be w r i t t e n as: 
F ( h k l )=f j^^+fj^exp C-iTC(h+k+l)] +fp[exp(-in;h)+exp(-in;k)+exp(-iTll)] 
A-2 
The s c a t t e r i n g powers fjvj^fj^ and fp were obtained from the 
Interna; t i o n a l Tables f o r X-ray crystallography (I962j 
The X-ray e x t i n c t i o n distance i s r e l a t e d t o the 
g s t r u c t u r e f a c t o r F 
V Cos©„ 
° ^ r A-3 S crgX(FgF-)2 
where V i s the volume of the u n i t c e l l , r the c l a s s i c a l 
C y 
e l e c t r o n radium.. c = l or Cos20g f o r O and Tl p o l a r i z a t i o n s 
r e s p e c t i v e l y . 
The values of F ( h k l ) and ^ f o r d i f f e r e n t r e f l e c t i o n s 
were "calculated f o r KNIF^ and KCoF^ and are shown i n Tables 
A-.l and A-2. Here the temperature dependence of the s t r u c t -
ure f a c t o r i s not Included. 
TABLE A-1 
R e f l e c t i o n F 
MoKa^ ,X=0.7107A A Ka. ,A.=O.56O8A 
0° ^B g (|im) B^ g(|im) 
100 17.6 5.07 58 4 73.2 
200 51 .10.18 20.3 8.03 25.5 
300 3.3 15.37 322 12.1 399.5 
400 . 29.4 20.69 37.8 15.64 45.7 
110 29.7 7.2 34.6 5.67 43.5 
220 • 40.3 14.27 26.2 11.4 32.6 
111 ;' 11 8.8 93.2 6.95 117 
Structure f a c t o r s and e x t i n c t i o n distances of 
KNIF^ c r y s t a l f o r d i f f e r e n t r e f l e c t i o n s . 
TABLE A-2 
R e f l e c t i o n P 
1 
' MoKa^,X=0.7107A AgKa^,X=0.5608A 
9° .^ B 
! 
g(Hm) 9° ^B g (^ lm) 
100 15.7 5.01 67.5 3.95 85.95 
200 : 48.5 10.06 22 .1 7.92 27.8 
300 • ; 2 15.2 550 11.9 685 
400 29 20.5 39.6 . 16 48.3 
110 28.9 7.2 37.4 5.67 46.5 
220 39.4 14.3 27.8 11.24 34.7 
S t r u c t u r e f a c t o r s and e x t i n c t i o n distances of 
KCoF^ c r y s t a l f o r d i f f e r e n t r e f l e c t i o n s . 
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